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A MANUAL OF DYEINO. 


PART I. 


INTRODUCTION. 

In its broadest sense, dyevng is the operation or senes of operations by means 
of which uniform colour, of a more or less permanent character, is produced in 
the substance of objects. The term tvatt/rig is literally the same as dyeing, but 
is onlj^ applied to the production of very bght or delicate shades. Stammg has 
a similar meaning, but, on the large scale, file use of the term is almost entirely 
restncted to the production of coloured paper. Tn these processes the colour is 
piesented to the object in a dissolved condition, and in being taken up per- 
meates more or less uniformly the whole meiss of the substance. In pamhngy 
the colour is imparted to the object by covering the surface with a coloured 
body or pigment, which does not necessarily penetrate into the substance, the 
coloured bodies employed for the purpose are usually insoluble, and are fixed 
by means of adhesives In textile pr%nt%ngy the colour is produced on portions 
only of the material, and in such a manner as to produce a definite pattern, bub 
in other respects printing is, m principle, closely allied to dyeing 

The dyeing of textiles, either m the woven fabric or in the intermediate 
stages of manufacture, by far exceeds in importance the dyeing of other objects, 
such as leather, feathers, straw, horn, ivory, bone, wood, &c. , the former subject 
only will be dealt with in this work. But even if the scope of the work be 
restricted to this mdustry alone, it would be impossible to go mto the details of 
every speciality. Indeed, this is not its object, the mam aim bemg to lay down 
broad principles, and to show how science, especially Ohemistry, underlies most 
operations m dyeing, and may be usefully apphed in detecting the origm of 
faults, m improvmg existmg methods, or m working out new methods or effects. 
That a knowledge of chemistry is most useful to the dyer will scarcely be 
doubted ; but the smaller his knowledge, the more circumspect should he be in 
makmg use of it Chemistry has done a great deal towards the furtherance of 
the dyeing mdustry Durmg the last two decades it has almost revolutionised 
certam portions of it, and it may be safely predicted that m the future it will 
do much more than has been the case m the past. 

FIBRES, COLOURING MATTERS, AND MORDANTS. 

In any dyemg process, the two mam factors which determine the mode of 
woikmg are — ^first, the character of the fibre to be dyed, and secondly, the 
properties of the dyestuff or dyestufife employed to produce the desired colour. 
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In many dyeing processes, however, the dyestuff cannot be employed alone, the 
colour being only obtainable with the aid of so-called mordants 

Fibres. — As will be seen in detail further on, the fibres which claim the 
attention of the dyer are mainly of two diatmct kmds, vns — (1) The vegetable 
filjres (cotton, linen, <kc.) ; and (2) the animal fibres (wool and silk). These 
maten^ differ essentially from each other in their ori^ and in their chemical 
composition and properties ; they also behave very differently m dyemg In 
the following statements we may assume cotton to represent the vegetable 
fibres as a class, and wool the animal fibres If two swatches or fents,* com- 
posed of woollen and cotton material respectively, are immersed m a boilmg, 
but very dilute, solution of Benzopurpunn, and kept stirred m the solution 
for some time, it will be noticed on taking them out and rinsmg that both fibres 
are dyed about the same shade of red If the experiment be repeated, using 
New coccm in place of Benzopurpunn, and addmg a few drops of dilute sul- 
phuric acid to idle bath, it will be seen on rinsmg the swatches that the wool is 
dyed a full and brilliant shade of red, while the cotton is only tmged 

Further, if cotton and wool are heated simultaneously m a very weak 
solution of a basic dye, such as Crystal violet, it will be seen that the wool is 
dyed a full shade, while the cotton is only tinged. By previously steepmg 
the cotton in a solution of tannic acid, however, it acqmres the property of 
attractmg the dyestuff in consequence of the fibre havmg absorbed some 
of the tannic acid, which latter yields with the basic dyes msoluble coloured 
precipitates or lakes. 

But if cotton and wool be boiled m watei contammg a small quantity of a 
dyestuff like Alizarin, neither fibre is dyed in the true sense They wiU both 
be tmged a nondescript colour, which is more or less completely removed by 
washing. If, however, the wool be previously boiled m a weak solution of 
alum, with a little tartar added, and the cotton impregnated with a solution 
of aluminium acetate, dried slowly and passed through a bath of arseniate of 
soda, both fibres are said to have been mordanted, they will then be dyed 
on boihng in the Alizarm full shades of red, which cannot be removed by 
washing or even soapmg. 

Prom these few examples it will be clear that not only do the fibres differ 
very materially from each other in their affimty for colourmg matters, but that 
the various classes of dyestuffs require totally different modes of application, 
accordmg to the character of the dyestuff and that of the fibre on which they 
are to be dyed 

Colouring Matters. — The large number of dyeatuffa or colov/rvrig matters 
which are at the disposal of the dyer are prmcipally of organic origm , some 
few are also derived from the mineral kingdom The oldest classitication of 
these various substances is that of Bancroft, who divides them m his Treatise 
on Fermament Colov/rs (published over 100 years ago) mto Substantive dyes and 
Adjective dyes. According to t^Jns classification, he regarded all dyes as Sub- 
stantive which, like mdigo, orchil, turmeric, <kc., will dye the textile fibres 
directly; the dyestuffs, of which Congo-red, New coccm, and Crystal violet aie 
representatives, would also belong to this class Adjective dyes will only dye 
material mordanted with a metalhc salt or hydroxide, or with the addition 
of a metallic salt or hydroxide to the dye-bath — such are, for instance, 
logwood, madder, cochmeal, fustic. In the pure state the adjective dyes are 
generally only slightly coloured, and, when used alone m dyeing, they give rise 
to worthless results But when used in conjunction with metaUic mordants, 
such as the salts of iron, alumma, chromium, or tin, intensely coloured insoluble 
compounds — so called laJces — are produced in the substance of the fibre, which 
thus becomes dyed. Similar lakes can be produced without the presence of 
* A flwatoh orfent is a small sample of material out or tom from the piece. 
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tile hbre bv adding the metaJlio salts either to the a.queous or to the slightly 
alkaline solution of the adjective colouring matter 

Bancroft’s classihcation is still m general use. 

Nietzki’s classification* of the colouring matters into dvrect d^ee and 
morda/at dyes (that is, into such as will dye directly, and such as only 
dye with the intervention of a mordant) is practically the same as Bancroft’s. 

Hummel f classifies the colouring matters as rriJonogeneUc and polygeneUo, 
Monogenetio are such as are only capable of yielding one colour, whatever 
mordant may have been used on the material, either before or during the 
dyemg operation. Magenta^ orchil, indigo. Picric acid, Methyl green, may serve 
as examples of this class Polygenetio colours are such as are capable of pro- 
duomg totally different colours according to the mordant employed. Examples 
of this class are logwood, Alizarin, fustic, and cochineal The term autogenetic 
colours employed by Scheurer is practically synonymous with Hummel’s mono- 
genetic class. 

The direct dyes may be further classified as direct d/yes for cotton, dvrect d/yes 
for wool and swc acid d/yes, and lasic dyes. The direct dyes for cotton will 
dye all textile fibres ; the acid dyes are mostly only applicable to wool and silk, 
while the basic dyes have a direct affinity for wool and sdk, but not for cotton. 
To be dyed with the basic dyes, the latter must be first mordanted with tannic 
acid or an oil mordant. In some cases the mordant dyes may serve as fixing 
agents for the basic dyes on cotton Thus, Magenta is readily fixed on cotton 
which has been previously mordanted with alumina and dyed with Alizarin. 
Cotton previously dyed with a direct colour, such as Chrysamine, or ar 
sulphide colour like Immedial blue, is also rendered capable of taking up 
basic dyes. 

Generally speaking, the mordant colours can be fixed equally well on either 
animal or vegetable fibre, and from the point of view of the dyer, there are no 
grounds for a further subdivision of this class. 

Many important colours which are produced on and in the fibre by special 
chemical piocesses, such as oxidation, as m the case of Aniline black , by com- 
bination, as m the case of the insoluble azo dyes produced on the fibre 
(Paranitraniline red, Primuline red, <kc ) , or by condensation, as m the case 
of Nitrosoblue, do not, strictly speakmg, come within the scope of any of 
the above classifications They are frequently classed as substantive, direct, 
or monogenetic colours, because they are produced without a moid^t, but 
we prefer to class them under a separate heading — viz., that of Developed 
colours. 

Pigment colours are insoluble coloured substances like vermihon, ultra- 
marme, or lamp black, which find little or no application m dyemg. They are 
used in calico-pnntmg, and are usually fixed by means of albumen. 

The colouring matters are also sometimes classified, accordmg to their 
origin, as (1 ) natural colouring matters, (2) artificial colouring matters (amline 
or coal-tar colours and (3) mineral colours Although it may be urged that 
this classification is not by any means a scientific one, inasmuch as there exists 
no fundamental difference between the chemical constitution of the natural 
and the artificial organic dyestuffs, it has been decided to adhere to it m the 
present edition, as it is not considered that a grouping of the colouring matters 
accordmg to strictly chemical prmciples would, as yet, be of advantage from 
the dye^s point of view After all, there is a very essential difference m the 
forms m which the two different closes of products ai'e supplied to the dyer, 
and which materially influences their apphcation The artificial colourmg 
matters are products which are either chemically pure, or contain, at most, 
harmless additions j but can always be obtamed of one and the same quality. 

* R. Nietzki, Fdrher Ztg,, 1889'90, p. 8. t The Dyeing of Textile Fdbnca, p. 147. 
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The natural colouring matters, however, with the exception of mdigo, usually 
contain their active constituent in very small and varying quantity, and special 
treatment is, in most cases, required for its extraction 

Relation of Colour to Chemical Constitution. — There undoubtedly exists- 
a close relationship between the dyeing properties and the chemical properties* 
of colouring matters j this has, in fact, been proved to be the case with most 
colouring matters, the constitution of which has been established Greebe and 
Liebermann * were the first to express the view that the dyeing properties of 
organic compounds depend upon an intimate connection between oxygen and 
nitrogen atoms, and that by weakening such connection by the mtroduction 
of hydrogen atoms the dyemg properties of such compounds were destroyed. 
The compounds thus produced are known as leuco-compounds. 

The views of these chemists were considerably enlarged by the investiga- 
tions of O. 'N Witt t According to him, the dyemg properties of organic 
compounds are determined on the one hand by “ colour-bearmg,” and on the- 
other by “ salt-formmg ” groups of atoms The colour-bearing groups, which 
he terms chroTnophors, consist, accordmg to our present knowledge, of two or 
more atoms of one or more of the following four elements — carbon, oxygen, 
nitrogen, and sulphur. The chromophor alone is not capable of changmg 
a simple compound (hydrocarbon) into a colouring matter, it is necessary, in 
order that this may be accomphshed, that a salt-fonnmg or <mxoohromou8 
group or groups (or which the amido-NHg and hydroxyl-OH groups are of 
predominant importance) should also be present m the molecule Oompounds- 
which contain a chromophor, but not an auxochromous group, and though 
coloured are not colouring matters, he terms^ ch/roTnogenea 

Witt’s theory has led to important practical results, by which, however, the 
colour manufacturer has benefitted directly more than the dyer It will ber 
referred to agam under the headmg Artificial Golov/rvng Matters, 


THE DYEING PROCESS 

In their natural condition, the textile fibres are either colourless or they 
possess a colour which meets with little or no approval A very large 
proportion of the total manufactured output (especially of cotton ana linen) 
comes mto the market undyed and usually bleached, but in the rest of the 
cases the dyer and prmter are called upon, m order to meet the requirements, 
of the public, to produce any shade or pattern which they may be asked for 
The fibres may be dy^ either in the loose state (^.e, without having 
undergone any mechanical treatment), in the intermediate stages of manu- 
facture (shver, slabbing, &c), or in the yam or piece Piece dyeing is the 
most econoimcal and convenient, and, consequently, the most used Tarn 
dyemg comes next in importance, and, last, the dyemg of the fibres in the raw 
or loose state, which accounts for the smallest proportion of the total output 
Mordants. — The name is derived from the Prench word mordre (to bite or 
corrode), because the early Prench dyers believed that the utility of the* 
metallic salts they employed consist^ in their corrosive nature, it was 
believed that these substances opened the pores of the textile fibres and thua 
rendered them more capable of absorbmg the dyestuJBFs. At a later penod it 
was recognised that the so-called mordants enter^ mto a chemical combination 
with the dyestuffs and formed insoluble compounds, or “ colour lakes ” ; hence 
these substances were considered principally aS fixmg agents for the dyestuffs. 
In many cases this is true — ^ e , where a dyestuff dyes without the aid of 
mordants, and becomes simply faster to washing and miJlmg by the apphca- 

♦ B&rl Ber., 1868, p 108, t Ibid , 18f6, p 622. 
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tion of the mordant. In most cases, however, the mordant is an essei 
constituent of the colour, as without it no colour at all or only a wort! 
shade is produced. We consider as mordants substances which, partl'^ 
wholly, combine with the dyestuffs to form definite compounds in the jfi 
thus distinguishing them from those compounds which take part in 
•dyemg process without entering into the composition of the ultimate coloui 
Chemically there is no essential difference between such chemical compoi 
a,nd mordants , hence they will be described together in Part V. without b 
formally separated, but their apphcations in mordanting and dyeing wiL 
•dealt with specially in subsequent paragraphs. 

The mordants may be classified^ as wM and hoAio mordants. The 
mordants, of which the tannma and* the oil (fatty acid compounds) mordi 
are the most important, serve for the fixation of basic dyestuffs and met 
oxides , they are often used for fixing basic mordants on the fibre, which la 
then act as the true mordants m dyemg. Their chief apphoation is m 
dyemg of cotton and Imen, and m silk weighting 

The basic mordants contam the hydrated oxides of the heavy metaL 
their active constituents, of this class -tiie moat important are compounds (sf 
of alummium, iron, chromium, copper, and tm. In accordance with their b 
character, these mordants serve for the fijcation of acid or phenol-hke dyesti 
As far back as the eighteenth century it was observed that for the dy< 
of cotton with madder and alumma mordants calcareous water was necessj 
the mfluence of hme m water used for dyeing with other mordants 
dyestuffs was also noticed In 1882, Horace Koechlm, m a commumca 
to the Soci4t4 Industrielle de Mulhouse, pointed out that certam colou. 
matters could be more readily fixed on cotton by means of double mord 
(contammg two metals) than by simple ones. Such double mordants 'v 
prepared by mixin g aqueous solutions of acetate of alumma, or acetat< 
chrome with either acetate of lime or acetate of magnesia. He showed 
calico prepared with such mordants could be dyed with Phloxm, Scarlet \ 
and other colourmg matters Some years later he recommended for the fixa 
of St. Dems red a treble mordant consisting of alumina, magnesia, and o, 
of zinc, and showed that this treble mordant was also capable of fixmg o 
azo dyes yieldmg bnght shades which were comparatively fast to soap.* 
Following up this subject more closely from a scientific pomt of v 
Prudhomme, t takmg as his startmg pomt Yauquelm’s observation 
alumma precipitated in presence of magnesia is insoluble m caustic alka 
discovered that, besides magnesia, other metals possess the property of 
ducmg compounds with alumina insoluble in aJhahes, which are usefu. 
mordants , and further, that other metallic oxides which are soluble in alki 
are capable of yieldmg, like alumma, msoluble compounds of this characte 
/iompound mordcunts Nickel and cobalt salts, for mstance, act better \ 
magnesium salts m rendermg the precipitated alumma msoluble m cai 
soda, while tm and zmc salts form with each other a compound mordant w 
IS also msoluble m caustic soda Prudhomme mamtains that m cotton dy^ 
compound mordants are invariably produced, either mtentionally or i 
dentally, on the fibre, and that there is no such thmg as a simple mord 
The best mordants consist of compounds of sesquioxides, like alumma, chrc 
oxide or feme oxide, with monoxides, like lime, magnesia, or zmc oxides 
some cases treble mordants give even better results Thus iron fixed 
arsemate of soda or phosphate of soda gives better results with lim€ 
magnesia than without these oxides. 

Accordmg to J. Thom, the mordants exhibit an elective affinity 

* H Koeohbn, Bull, de la Soc Ind de Mulhouee, 1882, p 226 ; tbtd., 1889, ApriL 
+ Btill. de Mtdhouse, 1891, pp 39 and 217. 
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ooloTiring matter — ie., possess a greater afi&nity for some colouring 

matters than for others. Thus, if a piece of cloth mordanted with alumina 
be boiled in a decoction of quercitron bark, it is dyed yellow. If the same 
sample be now heated in a decoction of logwood, the colouring matter of the 
quercitron is displaced by that of the logwood and the colour of the cloth 
changes from yellow to purple. If the sample be now heated with madder, 
the colour changes from purple to red. The inference is that of the three 
colouring matters mentioned, madder (Alizarm) has the greatest aflhiity for 
alumina. On the other hand, it has been shown by Kheoht * that a similar 
phenomenon is observed with regard to metalhc mordants, inasmuch as the 
dark slate-coloured tannate of iron is rapidly changed to the orange-coloured 
tannate of titanium by immersing the fibre m a solution of titamc chloride 

The dyemg and mordantmg of textile fibres are almost mvariably effected by 
immersing the material to be dyed in the solution of the dye or mordant in cold 
or hot water, and either keepmg it moved in the dye solution or causmg the latter 
to circulate through the material until the desired shade is obtained. In rare 
oases other solvents, such as benzene or alcohol, are employed in place of water 
(dry dyeing). In any case the solvent simply acts as a distributing agent for 
the dye, causing it to permeate more or less uniformly every part of the 
material. Exceptions are found to this in the case of spra/y dyemg^ in which 
a fine spray of the dissolved dyestuff is blown on to the piece, and m colouring 
one face only of the cloth by printing it with a thickened colour in a printing 
machine 

Dyemg is effected in neul/raly amd^ or alkalme solution, acoordmg to the 
material to be dyed and the dyestuff employed. Cotton is generally dyed, 
neutral or alkaline, not often in an acid bath Wool is rarely dyed m an 
alkaline bath, but generally either acid or neutral Worsteds dyed m an 
acid bath “finish” better than when dyed neutral or alkaline. Silk is 
generally dyed with basic colours in boiled-off hquor — le., in an alkaline 
bath. In tibe black-dyeing of silk with logwood the bath is usually rendered 
alkaline by the addition of soap. Many colours are only applicable to silk in 
an acid bath, and for these an acidulated bath erf boiled-off liquor is frequently 
employed. 

In dyeing it frequently happens that the whole of the colouring matter is 
taken up by the fibres, leavmg the bath colourless or only faintly tinged Such 
colouring matters are said to exhaust well, and the phenomenon is particularly 
noticeable with many mordant colours, basic colours dyed on tanned cotton, 
and acid colours on wool. On the other hand, it is noticed that many colouring 
matters exhaust very imperfectly, leavmg, even under favourable conditions, a 
large proportion of colour in the bath. This applies especially to the direct 
colours and sulphide colours when dyed on cotton. 

The temperaPiire employed m dyemg vanes accordmg to the fibre to be 
dyed and the dyestuff employed Thus, cotton may be dyed cold (mdigo, 
omome, yellow, ^ ), or at the boil (logwood blacks, direct colours) For wool, 
a boiling temperature is almost mvariably required, while for silk it is found 
preferable to use a moderate heat m order not to affect the gloss and feel 
of the fibre. 

The amount of loater employed for a given weight of material to be dyed 
also vanes considerably according to the character of the fibre, the dyestuff 
employed, and the stage of manufacture m which the dyer receives it. 
Generally speakmg, cotton is dyed in 10 to 30 times its weight, wool m 60 
to 100 times its weight of water, silk occupying an intermediate position. 
With colours which do not exhaust well, the use of as little water as possible 
m the dye-bath is not only economical but m certain cases (e.gr., direct blacks 
* Jowm. Soc Dyers and OoL, 1004, p 98. 
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and dyed Aniline black on cotton) a necessity. On the other hand, a con- 
centrated dye-bath does no^ always give the best results. Thus, in the dyeing 
of Alizarin red on cotton, experience has shown that plenly of water should 
be employed. In silk dyemg the amount of water used in the dye-bath is 
somewhat greater than what is used for cotton. In any case, the volume of 
water required will also depend to a great extent upon whether the material 
is m the loose, spun, or woven state. 

The standard time allowed for a dyeing operation in the laboratory is 
usually one hour, and this is m accordance with the majority of operations in 
the works. In practice, however, the time may vary enormously — ^viz., from 
a few minutes (m certain applications of the direct and of the sulphide colours 
on cotton) to three hours (certain Alizarin colours on wool). 

The object of mordomt%7\g^ an o^ration which, as a rule, precedes the 
dyemg, is to fix on the material to he dyed a mordant, generally a metaUic 
hydrate or basic salt which is capable of forming a colour-laie with an 
adjective colourmg matter. In mordantmg wool and silk, practically the 
same operations are employed as m dyeing. In the mordanting of cotton, an 
additional operation — viz , that of agevag — ^is frequently employed, especially for 
piece goods. The prime object of agemg is to cause the mord^it {e g , basic 
sulphate or acetate of alumina), which the material retains by capillary 
attraction, to decompose evenly on and m the fibres. Sometimes, as is for 
instance the case with ferrous acetate, a simultaneous oxidation takes place. 
Ageing * is effected by suspending the material m ageing rooms, in whidi the 
temperature and degree of moisture of the atmosphere are kept as constant as 
possible m order to allow of a gradual and even deposition of the mordant 
on the fibre The operation usually requires from one to three days. 

In the a/pphcatwn of the direct dyes the methods employed call for no 
special comment- The material is simply immersed in the cold, warm, or boil-j 
ing dye solution, and moved thfTe continuously or intermittently until the 
required shade is obtained. After dyemg, m many cases, an after-treatment isj 
necessary either for the purpose of developing the colour, rendering it brighter.; 
or more permanent, or giving a particular feel or handle to the materiaL 
Thus, m the dyemg of Alkah blues on wool or silk, it is necessary, in order to 
fully develop trie colour, to pass the material after dyemg through a hot bath 
of dilute sulphuric acid Cotton material is frequently treated, after dyemg, 
with an emulsion of oil m soap m order, on the one hand, to give the matenal 
a better feel, and, on the other hand, to brighten the colour The soap or oil 
emulsion is not washed out, and the material is dried with it m. The oil thus 
remains m the matenal and enhances the bnllianoy of the colour, just as a 
varnish improves the appearance of the grain of a wood, or as water brightens 
the colours m a stone or pebble. Silk is frequently passed, after dyemg, 
through dilute taiianc, acetic, or sulphuiic acid m order to give it the peculiar 
feel known as “ scroop.” Again, many of the direct cotton colours are rendered 
much faster to hght by treating the dyed matenal for a few minutes in a boil- 
ing dilute solution of copper sulphate. The process is largely used, especially 
in the case of the blues, blacks, browns, greys, <fec 

In the apphcation of ihe mordant dyes, wee distinct methods are employed 
That most generally adopted, which is known as the mordanting and dyemf 
method, is to dye the material which has been previously mordanted with the 
dyestuff which may either be m solution {e g,, logwood) or m a state of suspen 
Bion (e g , Alizarin). The method termed m wool dyemg, staffing and sadderb- 
vng, consists m first boilmg the matenal with the colourmg matter, as is, for 

* The term ageing is also applied to the process of developing certain oolours on the 
fibre. Of these, by far the most important is Aniline black, for the development of which 
the so-called rapid ager is largely employed (see Andmt Bla>ck), 
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instancje, the case in the production of the old dyewood browns, with camwood, 
fustic, and logwood, and subsequently developing m the mordant solution {e g., 
chrome or copperas) This method is not so frequently employed at present 
in wool dyeing as forme ily. With the so^Ued Acid chrome colourSf such as 
Diamond olack, the Eno chrome colours, <fec., the mordant (bichromate) is 
added to the dye-bath after the latter has become exhausted. In cotton dyeing, 
chiefly in piece dyeing, this method of treatment is still much employed in the 
production of browns, drabs, and so-called “ mode colours,” but more especially 
m those shades in which catechu is employed as a constituent. A third, and 
last, method of employing the mordant dyes is the so-caUed single-bath process 
(“ one dip ” dyes) In both the preceding methods the insoluble colour-lake is 
produced on or m the fibre, but in the smgle-bath process the lake to be fixed 
on the fibre is rendered soluble m the dye-bath, and is taken up by the fibre 
like a direct dye, as is, for instance, the case in dyeing Cochineal scarlet or 
Mavine yellow on wool. 

f in order to obtain certain effects m dyemg, it is sometimes found advan- 
tageous to employ two dyestuffs of a totally different character, and to apply 
them two separate baths are required Thus, wool to be dyed in the indigo 
vat IS frequently previously dyed or bottomed with barwood If the colouring 
matter is used after dyeing m the vat, as is the case m the use of Methyl violet 
on cotton, the operation is known as toppvng The most extensive application 
of this process is in the topping of direct colours on cotton m a fresh bath with 
basic colours 

If the dyed material still contaimng the hot dye-liquor is allowed to he in 
heaps, it is often noticed that the colour is thereby considerably deepened. 
Whether this is- due to a process of oxidation, or to what one might term 
an after-dyeing, is not certain Advantage is sometimes taken of this in 
“ smothering ” the goods after dyeing, as is, for instance, frequently done with 
direct blocks produced with logwood and copper on cotton 

Theory of Dyeing. — Towards the end of the eighteenth century, the 
interesting phenomena observed in dyemg had abeady attracted the attention 
of scientists, and numerous theories have since been brought forward from time 
to time with the object of explaining these phenomena The majority of the 
theories advanced assume that dyemg is either due to a mechamc^ absorption 
of the particles of the colourmg matter by the substance of the fibre (mechani- 
cal theory), or to a chemical combmation of the colourmg matter with the 
substance of, or some substance contamed in, the fibre (chemical theory) 

Hellot and Le Pileur d'Aphgny m the eighteenth century were the first 
advocates of a strictly mechanical theory of dyemg. They assumed that all fibres 
are porous , that the pores of one fibre are of a different size to the pores of 
another fibre of different origin ; and that the number of pores is greater m 
some cases than in others Thus, wool was supposed to have the pores of 
greatest diameter, and in a given space the largest number of these, and silk 
those of least diameter. The pores are expand^ by heat and certain chemical 
agents in such a way as to admit the particles of colourmg matter, and then, 
bemg closed by coolmg or astrmgents, were able to retain them securely To 
explain why dyes would not enter into combmation with all fibres equally, the 
theory of different-sized pores was mvented, and then different sizes were 
attributed to the particles of colourmg matters. They, of course, allowed 
(as do other advocates of a mechanical theory) the mfluence of mordants as 
formmg insoluble lakes with the colourmg matters 

Wfldter Crum,* another staunch supporter of the mechanical theory, main- 
tained that, in order to be able to resist washing, the colour must be enclosed 
by the fibre as by a bag or fine network , the colouring matters must be in the 
* Joum, Chem Soc,, 16, i., p. 404, 
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bmation with the fibre, for, to use his own words, consider tha 

chemical attraction necessarily involves combination, conse 

quently, disorganisation of all vegetable structure; 

<wed without injury to its fibre, and that the fibre remainsfeitei;a^^nra^S 
chemical means its colour has again been removed, we shall finollBr’ttf 
union of cotton with its colouring matter must be accounted for otherwise thai 
by chemical affinity.” drum admits a power of attiaction on the part of th 
cotton fibre, and a capabihty of its withdrawing chemical or colouring sut 
stances from their solutions But in this force he only recognises that sami 
action which enables charcoal to absorb gases, and remove colouring matters 
and some salts and metallic oxides from solutions. 

More recently, the mechanical theory has found another prominent adheren 
in MuUer-J acobs, who, in his senes of articles on “ Membranous Diffusion u 
Dyeing” in the Textile Golcynst for 1886,* bases all the phenomena as observec 
in dyemg on exosmosis and endosmosis. 


His conception of the dyeing process is essentially the same as that o 
Hellot and Le Pileur d'Apligny — viz , that the textile fibres contain cavitie 
into which the colouring matters enter by diffusion. The reason why vegetabL 
membranes are less easily dyed than those of animal origm is found m thi 
much greater permeability of the vegetable membranes Their power o 
abscrbmg dyestuff is, however, much increased if the mterstices of the fibr 
{e g , cotton) be much reduced, as by the mercerismg process Accordmg t 
this author, the rdle of mordants is, not only to combme with the dyeatufis t 
form msoluble precipitates, but also to reduce the permeability of the fibre 
As a proof of this, he states that Alizarin red requires for the full developmen 
of the coloui fifteen times as much of aluminium hydrate as would be necessar 
for the formation of a normal aluminium alizarate 


G. V. Georgievicat is also entirely opposed to the idea of any chemics 
•change takmg place m the fixation of the dyestuff by the fibre In referenc 
to i^echt's work on the decomposition of the basic dyes by the wool fibr 
•(see below), he maintama that, not only wool, but also such indifferent sul 
stances as unglazed porcelain and glass beads { will decompose Magenta, hydri 
■chloric acid being left in solution, and a coloured red substance remaining o 
the object § The dyeing of wool with Magenta is explained by this author b 
the assumption that in the first instance a dissociation of the Magenta tak€ 
place into hydrochloric acid, and a coloured ammomum base of rosaniline, 
which latter is mechanically taken up by the fibre by a process of “adsorption 


* See also Jowm. Soc. Dyers and Gol , 1886 and 1886, 
iJoum, Soc. Dyers and CoL, 1895, pp 79 and 121 

i Magenta solution, evaporated down slowly in presence of crushed Jena glass in 
dust-free atmosphere, does not show this phenomenon Regarding the behaviour of coa 
tar colours towards starch, sihclo acid, and silicates, see also W Suida, Joum Soc Dye 
and Col , 1904, p 277 

§ It 18 not stated whether the hydrochloric acid is free or oombmed 
II H Weil fjoum !^oc Dyers and Col , 1897, p 38) disputes the existence of a colours 
Ammonium base of rosanihne, and asserts that 1 he supposed coloured base of v Geormevn 
-owes its colour to the presence of unchanged Magenta m the precipitate, v Boey 
regards the existence of a coloured ammonium base m the sense referred to by v Qeorgi 
vies as improbable On the other hand, A ELantsch {Joum Soc Dyers and Col.^ 190 
p 129) comes to the conclusion that three different rosanilme bases are capable of existu 
— viz , (1) the true-colour ammonium base, which is red , (2) the pseudo-ammonium ba 
(carbinol base), which is colourless , and (3) the anhydride base, which is again ooloure 
Of these bases, however, the pseudo ammonium or carbinol base ib the only stable one, tl 
•other two passing over into this modification by a mere standing in aqueous solutio 
If v Georgievios’s theory were correct, wool dyed with Magenta would soon beoon 
decolorised if kept out of contact with the air to prevent the formation m the fibre 
<jarbonate of rosanil ne. 
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In regard to acid dyes, this author concludes that, because the animal fibres 
take up a larger proportion of the acid colours in presence of an excess of 
sulphuric acid, the chemical theory of dyeing is utterly fallacious. He argues 
that, since sidphuric acid is a much stronger acid than indigodisulphomc acid ('?), 
an excess of the former should not be favourable in silk dyeing to the formation 
of a salt-hke combination between the fibrome and the colouring matter. 

Experiments were also conducted by v. Georgievics, with the object of 
aacertaming whether, in dyeing silk witn indigo extract, Henry's law of dis- 
tribution (as stated by van t'Hoff and Nernst) was fulfilled — i.e , whether the 
amounts of colour taken up by the fibre (0,), and left in solution (0„), gave 

constant values for the expression This was not found to be the case 

He maintains, however, that in dilute solution most processes of dyeing took 
place accordmg to the equation — 



= oonstant, 


in which as denotes the affinity of the colouring matter to the fibre. 

L Hwass* and G. Spohnf endeavour to explam the dyeing process by the 
action of molecular forces of a physical or mechanical character The latter 
proved by means of microscopical examinations that cotton-dyed chrome yellow 
contains mechanically deposited crystals of lead chromate Even the dyemg 
of Alizarin red on cotton he regards as a deposition of the same alizarm-alumina 
lake as can be obtained without the presence of the fibre. • 

J. Walker and J. R. Appleyard,! from the results of an exact investigation 
which they carried out on the amount of Picnc acid taken up by silk from 
aqueous solutions under different conditions (without additions to the dye-bath), 
came to the conclusion that a real equihbnum is attained, which is independent 
of the ongmal distribution of the materials On the other hand, diphenyl- 
amine, when “dyed” in a solution of Pionc acid, remains unchanged up to a 
certain temperature, but the moment this temperature is reached combination 
takes place with the formation of a definite coloured picrate. 

Moat other authors distinguish stnctly between the dyemg of animal and of 
vegetable fibres In the first case the process is genei^ly admitted to be of 
a chemical character, but in the case of the vegetable fibres a mechanical theory 
is generally admitted. 

Thus C. O. Weber § defines the dyeing of cotton with the bhnzidine dyes 
as an aqueous solution of a dye of very small coefficient of diffusion formed 
inside ihe cellular cavities of the cotton fibre by means of a dye-bath possessing 
a high osmotic pressure. The fastness of those dyes as regards “bleeding” off 
the fibre is proportionate to the inertia of diffusion of those dyes, and mversely 
proportionate to the magmtude of their diffusion coefficient. In support of 
this theory this author points out (p 126, I o) that di nitrocellulose dyes with 
the benzidine dyes exactly like ordinary cotton. But the same dmitrocellulose 
dissolved in acetone and produced as a fibre does not dye The explanation is 
that the former contains cellular cavities capable of retammg water, while m 
the latter the presence of cavities is excluded The coefficients of diffusion of 
the coal-tar colours to which reference is made do not, however, appear to 
have been determined 

Gnehm and Rotheli || showed that when cotton is dyed with direct colours 
it takes up the dyestuffs in an unchanged condition. Thus cotton dyed with 

*Mrber Ztg , 1890-91, pp. 221 and 243. XJcnirn, Ohem. Soc., 1896, p. 1334. 

flHngler^e Polyt. Joum , 1893, p 210. %Joum Soc Ohem, Ind.t 1894, p 120. 

II Joum. Soc Dyers and Col., 1898, pp. 190 and 216. 
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the barium salts of Benzopurpurin 4 B and of Beuzoazurin 3 G showed on 
analysis the presence of banum in amounts corresponding to the dyestuffs 
absorbed. From their investigation these authors come to the following 
conclusions. — ^The dyeing of different fibres is not a uniform process, 
the dyeing of vegetable fibres does not depend upon the same processes 
(or only partially), as m the case of animal fibres Even with these latter 
different phenomena take place, mechanical effects accompanying chemical 
reactions. 

In a later publication on the subject, Gnehm* somewhat modifies his 
views with regard to the dyeing of cotton with the direct colours, pointing 
out that the free colour acids may also act as dyestuffs. 

According to F. 'Krafft,t dyemg consists, in the great majority of cases, 
of the separation of colloid (adhesive and resistant) ^ts on or in the fibre. 
In support of this theory he points out that the molecular weights (detennmed 
by the boiling-point method) of rosaniline hydrochloride, Methyl violet, and 
Methylene blue are apparently much higher in aqueous solution than m 
alcoholic. Tannic acid is a colloid, as is, Likewise, tannate of antimony The 
compounds of the phenol-like dyestuffs (such as Ahzarm) with mordants (like 
aluminium and ferric hydrates) are also colloid m character. Like Weber 
and Gnehm, he asserts that the direct cotton colours are fixed on cotton in 
an unchanged condition, the dyed material givmg the same reactions as the 
free dyesti^. This is explamed by assuming that m aqueous solution, by 
reason of their relatively mgh molecular weights, these dyestuffs are more or 
less sparingly soluble colloid substances, Benzopurpurin showing in aqueous 
solution an approximate molecular weight of 3,000 by the boiling-pomt 
method Additional evidence of its colloid character is furnished by the 
fact that when its aqueous solution is placed in a parchment bag, and this 
in distilled water, no diffusion of the dyestuff takes place, even after several 
weeks’ immersion, whereas dyestuffs like Magenta and Methylene blue began 
to diffuse after one or two hours. 

In the dyeing of wool and silk a separation in the fibre of colloid or 
membranous salts also takes place (accordmg to the same author), in the 
formation of which, however, the fibre itself takes a part. This is due, m 
the case of wool, to the presence of lanugmic acid, a substance which is capable 
of combining with both acids and bases. 

The colloid theory originally put forward by Ki‘afft has of recent years 
found more adherents, especially m Biltz, Dreaper, and Lmder and Picton. 

Biltz I experimented with colloid solutions of certain metals and morganic 
salts as dyestuffs, and appears to regard the colloidal character as an essential 
property of a dyestuff He regards the dyemg process as a solution of a 
colloid m a colloid In a further commumcation, § he pomts out that there 
IS no essential difference between the dyeing properties of coloured morganic 
colloid substances and organic dyestufife. Similar results to those observed on 
cotton were obtained by “dyeing” aluminium hydrate with Benzopurpurm. 
Experiments carried out with dialysed solutions of the Immedial colours on 
cotton and on inorganic hydrogels (aluminium, stannic, and ferric hydrates) 
showed an analogous behaviour. 

This author admits, however, that the colours obtained with the colloid 
metals are very loose to washmg, while their fastness to rubbing would appear 
to leave much room for improvement. His method of dyemg the Immedial 
colours IS not in accordance with the practical mode of procedure, and it is 
doubtful whether true dyemg, in the ordinarily accepted sense, has taken 


*Joum Soc Dyers and OW., 1902, p. U2. 
ilM., 1899, p. 211. 


t Dnd., 1904, p. 145. 
§ Ibtd,, 1906, p. 276. 
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place m any of these cases except that of Benzopurpurm 4 B, and, in th 
one, a careful revision of the expemnent failed to corroborate the publiaht 
results 

Linder and Picton,* experimenting with a colloid solution of ferr 
hydi oxide ^ydroxychlonde), found that this was coagulated by Soluble bli 
or Alkali blue, but not by Methyl violet The solution is also coagulated 1 
ammonium sulphate, but, beyond the point at which the coagulum separate 
the excess of ammonium sulphate remains in solution. With Aniline bli 
this 13 not the case ; the coagulum, after separating, continues to take up tl 
dye with avidity, and the coagulum is “dyed.” On the other hand, it w 
found that a colloid solution of arsemous sulphide was coagulated by Meth 
violet, hydrochloric acid remaining in the solution, while Aniline blue hod i 
coagulating effect. Magenta and Hofmann’s violet behaved m a similar wa 
In these cases also the coagulum was capable of taking four or five times tl 
amount of colour of that which was necessary to form the coagulate The acti( 
is considered to be of an electrical character, taking place between two of tl 
positively charged basic hydrosols, Methyl violet and ferric hydroxide, on the oi 
hand, and the two negatively charged acidic hydrosols, Aniline blue and arsemo 
sulphide, on the other. Any two oppositely charged hydrosols in dilute aqueo 
solution combine to form a pseudo solution, the compound aggregates of whi' 
possess electric properties which dgpend on the relative proportions of the co 
stituents present — e y., excess of Methyl violet ( + ) with Anilme blue ( - ) 
electro-positive Any two oppositely charged hydrosols m strong aqueo 
solution are mutual coagulants — e g , Methyl violet ( + ) aggregates, and, final! 
coagulates Aniline blue ( - ). Furthermore, the hydrogels which separate wh* 
ferric hydroxide and arsemous sulphide are coagulated by metallic salts st 
retain the same selective affinity for the dyes which will coagulate the] 
The authors regard this fact as evidence that the granular aggregates in the 
hydrogels sbll retam some charge, and look upon these simple processes 
substantive dyeing as taking place in two stages — (1) the coagulation sta^ 
in which simple lomc interchange takes place between the “ fibre substanci 
(colloid) and the dye, resulting m the separation of insoluble dye denvativ 
retaining a feeble charge, (2) the colour absorption stage, m which co^gr 
produced in the first stage attract and retam the oppositely charged particl 
of the dye substance. 

Dreaper,t from the results of a senes of experiments with Primuline ■ 
silk, came to the conclusion that dyeing depends primarily on a diffusi- 
process, obeymg a modified form of the general laws of osmosis, supplement 
in some cases, if not all, by a chemical or senes of chemical reactions betwe 
the fibre and the dye. 

The same author f has smce modified his views, and now attributes t 
bulk of the phenomena to physical causes. According to him , it would see 
that dyeing may take place as a direct result of the following phenomena — 

1 A solution state of the dye within certain limits of aggregation, 
determined by the laws of size. 

2 A fibre state corresponding to this state of aggregation and of 
permeable nature 

3 Localisation of the dye withm the fibre area, due to surface concent] 
tion phenomena 

4 Localisation of salts, acids, &c (assistants), within the fibre afea 

5 Indirect entrance of dye aggregates by molecular migration wi 
subsequent reformation of aggregates withm the fibre area, accoidmg to t 
laws of size 

* Joum, Soc Dyers and OoLj 1906, p. 210. 
ilM , 1904, p 111. 


tlbid, 1905, pp 118 and 136 
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6. De-solutioD, due to concentration effects on secondary attraction between 
the fibre substance and the dyes 

7 Primary or chemical action may play some part at this stage, and may 
even, in rare instances, take the place of de-solution phenomena. 

8 Dissociation effects in the case of basic dyes which may lead to the 
production of very basic salts m a high state of aggregation within the fibre 
area. 

0 N Witt * regards the fibres as sohd solvents, which m dyeing extract 
the colouring matter from the aqueous solution of the dye-bath ; just as, for 
instance, ether will extract or dissolve out resorcin from its aqueous solution 
if shaken with it The degree to which the dye-bath will be exhausted will 
depend entirely upon the relative solubihty of the colouring matter in the 
dye-bath (water), and in the substance of the fibre In his mterestmg treatise 
on the subject, Witt gives numerous examples in illustration of the correctness 
of his theory The mam support of the theory is the result of the following 
experiment — If a skem of white sHk is heated m a solution of Magenta, the 
colour is abstracted from the solution and the silk is dyed red. If this red 
silk is now put mto alcohol and warmed, the colour passes from the silk mto 
the alcohol, m which Witt claims that it is more soluble than m the substance 
of the fibre. But if the solution be diluted with water, the colour returns to 
the silk 

Sisley t sought to confirm Wittes theory by substituting a neutral solvent, 
such as amyl alcohol, for silk as a means of extractmg the coloured rosaniline 
from a colourless aqueous solution EmechtJ show^, however, that if the 
amyl alcohol is free from organic acids and the carbonic acid of the air be 
excluded no colouration of the amyl alcohol takes place 

The chemical theory may be said to have more adherents than the mecham- 
cal theory In the eighteenth century already, Bergman and Macquer strongly 
opposed Hellot and Le Pileur d'Aphgny Subsequently the chemical theory 
was further supported, notably by Persoz, Berthollet, Ohevreul, Kuhlmann, 
O’Neill, and otliers In the second volume of his work on Calico Printing, 
Pemoz considers cotton and other fibres to have an actual influence of a 
chemical nature upon salts Thus alummium acetate is much more completely 
decomposed upon cotton cloth than when it is spread over a similar surface of 
glass, mica, or platmum, which are chemically inactive. 

In their composition and their general behaviour towards chemical agents, 
it has been seen that the animal fibres differ entirely from those of vegetable 
ongin While the latter are regarded as hydroxyl compounds, and only 
possess slightly acid and basic properties, the animal fibres possess pronounced 
acid and basic properties , to this fact no doubt is due their power of com- 
bming with a much larger range of colourmg matters than is the case witk 
the vegetable fibre 

The chemical theory is mainly supported by the following considerations — 

1 The textile fibres possess either acid or acid and basic properties Tins 
is shown in the first place by their well-known property of absorbing acids, 
alkahes, and certain salts from aqueous solution, and retaining them 
tenaciously g A further proof is furnished by the thermo-chemical researches 
of L Tignon.il 

2 All dyestuffs possess either acid or basic properties or represent salts 
of bases or acids. It is, therefore, not unreasonable to suppose that m the 

* J(mm Soc Dyers and Col , 1890, p 173. 

t Ihid , 1900, p. 112 X , 1900, p. 123 

§ 8ee ]^11b and Takamine, Joum, Ghem Soc , March, 1883, also FUrstenhagen and 
Apployard, Joum Soc Dyers and Col , 1888, p. 124 

II Jwirn, Soc, Dyers and Col,, 1890, pp. 86 and 120. 
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process of dyeing, salt-like combinations insoluble in water (colour lakes)* * * § 
should be formed between dyestuff and fibre (or a constituent of the latter) 
When wool or silk is dyed with hydrochlorides of the basic colours, it 
seems evident that such a change takes place, t the whole of the hydrochloric 
acid remaimng in solution, whilst the colour base (m itself colourless) is taken 
up by or combmes with the fibre (or a constituent of the fibre)4 

iSirthermore, Jacquemm pointed out in 1876 that when wool is boiled in 
a colourless solution of rosaniline base it is dyed red,§ and the same is found 
to be the case with silk. Smce the dyeing even takes place m presence of 
a small amount of caustic alkali, it is evident that the production of a colour m 
the wool must be due to salt formation of some kmd The contention of 
V. Georgievics that a coloured rosaniline base is absorbed by the fibre cannot 
hold good for reasons given in the footnote on p 9 Anoflier most interest- 
mg and conclusive piece of evidence that salt formation takes place in the dyemg 
of wool is given by Nietzki.|| The ethyl ether of tetrabromphenolphthalem is 
yellow, but its salts are blue. If silk is dyed in the shghtly acidulated solu- 
tion, it is not dyed yellow, as one would expect if simple mechamcal absorption 
took place, but is dyed blue, in consequence of salt formation 

B^ychlerll records the results of some interestmg experiments which 
strengthen the chemical theory as far as the dyemg of wool with basic colours 
is concerned. He determined the electrical conductivity of the exhausted dye- 
baths in which wool (which had been previously boiled several tunes with 
water alone) had been dyed with Magenta, Ohrysoidme, and Yesuvme. The 
following IS a summary of his conclusions — In dyemg, wool is brought mto 
contact with a very dilute and perfectly dissociated colouring matter possessmg 
a salt-like character.** The reactions which take place mdicate that the two 
constituents of the salt act independently of each other. The colour base 
reacts with the wool, bemg fixed by some acid group of the keratme, probably 
with elimination of water The hydrochloric acid, on the other han^ behaves 
exactly as a free acid of the same concentration would It saturates the bases 
which the action of water alone liberates from the fibre, and extracts from the 
wool besides an amount of basic substances sufficient to completely neutiahse 
the solution The conductivity of solutions m which wool has been dyed with 
Magenta, and in which wool has been boiled m hydrochlonc acid equivalent 
in amount to that present in the Magenta, is the some m each case (about 

60 X 10-«). 

Vignontt has attempted to define the dyemg processes as dissociation 
phenomena. Acoordmg to his views, a system of three substances — viz, the 
fibre, the dyestuff, and the solvent — takes part in every dyeing process, and 

* Bmz and Rung {Jouriu jSoc. Dy&ra and Col , 1902, p. 11), and Bmz and Sohroeter 
(Und , 1904:, p 106, and 1907, p. 16), while admitting the probability of Bait formation in 
many cases, carry the matter a pomt further, and state that in dyemg wool with substan- 
tive colours it IB probable that the fixation of the colour is due to a condensation of the 
Bubstanoe of the fibre with the desmotropio quinonoid nucleus of the dyestuff 

t Kneoht and Appleyard, Joum 8oc JDyers and CoL, 1888, p 72 

t Lieohti [private communxcation) observed a similar phenomenon on hoilmg a solution 
of egg albumen with the hydrochloride of a basic dye , the albumen oombm^ with the 
^estuff, while the whole of the hydrochlonc acid lemamed in solution See also M 
Haidenhain, Arch,f d gee Phyexologie^ vol. xo., p. 116. 

§ According to James Sharp [Joum, Soc Dyers and Got., 1886, p 210) such a solution 
was largely used by the Yorkshire dyers for damasks five to eight years befoie the matter 
was brougnt forward by Jacquemm 

II OhSmie det organiBchen Farb&toffe^ 3rd Ed , p 4. 

^ Bull, Soc Ch\m de Paria^ 1897, p 449. 

** Miolafa, Ber,^ xxvi , p 1788 ; &eoht, Joum, Soc, Dyers and Col , 1893, p 168, and 
1897, p. 69. 

ft Bull. Soc. Ind. de Mvlhouae, 1893, p 407. 
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between them an equilibrnim is established, which is determined by the 
chemioal forces and the dissociation conditions. Prom this it seems apparent 
that the law of multiple proportions is not applicable to dyemg processes. 
Most dyeing processes are, according to this autiior, of a chemical character, 
and can be explained from this point of view, especially if dissociation is taken 
into account. 

In a subsequent pubhcation * the same author gives the results of measure- 
ments of the molecular conductivities of some acid and basic dyes, which show 
that the ionisation is considerably increased by dilution, and especially by 
a nse in temperature. This expla^, according to the autkor, the reason why 
dyestuffs are more completely exhausted from a dilute than from a concentrated 
bath. 

That hydrolytic dissociation plays §pme part in dyeing was shown by some 
experiments recorded by Ejiecht. t & drop of an aqueous solution of 
Magenta is placed on filter paper, it rapidly spreads and forms a red blot 
Very soon, however, the blot or disc is surrounded by a colourless halo of 
hquid which attains its maximum size in the course of some minutes. The 
colourless halo was found to consist not of pure water but of a solution 
of hydrochlonc add. By usmg more and more dilute solutions of Magenta, 
the size of the colourless halo increased Crystal violet and Methylene blue 
behaved similarly, but Methyl green, which does not dye wool well, only 
began to show a halo on being siJpngly diluted A solution of caramel, which 
though more or less intensely colour^ has no dyeing properties, gave no halo 
whatever It was further shown that if mcreasmg amounts of hydrochloric 
acid were added to the solutions of basic dyes, the halo gradually diTniTiiflhed 
m size, and when the amount of acid was sufilcient to prevent the formation 
of a halo, the solution had lost its property of dyemg wool. Alcohohc 
solutions of these basic dyes showed no halo, but were also mcapable of dyemg 
wool With acid dyes, such as Picnc acid, Naphthol yellow and Orange II., 
a very small halo is formed even m very great dilution, but by the addition 
of hydrochloric acid to their solutions, the halo rapidly gams m size up to 
a certain pomt, with mcreasmg amounts of acid and the dyemg power of the 
solutions IS thus augmented 

Lanuginio and sencinic acids, both of which are soluble albummoids (albu- 
moses), and which are produced by the hydrolysis of wool and silk respectively, 
show liie remarkable property of precipitatmg both basic and acid colourmg 
matters from their aqueous solutions. | It has not been proved that these 
bodies actually exist as such in the substance of the fibre. It is possible, 
however, that they may be formed m the fibre during the process of dyemg by 
the sbght hydrolysmg effect of the boiling water or dilute acid, and combine m 
the nascent state with the colouring matter which is m the bath Bioychler (to) 
showed that when wool is boiled with water, a small quantity of an albummous 
substance passes into solution, which is capable of precipitating the ba^ic dyes. 
Gardner § also isolated this substance, and gave to it the name “wool gelatme ” 
Jinccht II nJso di*ew attention to the property which wool gelatme possesses of 
precipitating the basic dyes, having overlooked the statement in Reychler^s 
paper, where the property is only incidentally mentioned in a footnote 

The result of the followmg experiment affords further evidence of chemical 
action in dyeing . — Wool dyed with Night blue was extracted in a Soxhlet 
with alcohol, and the extract evaporated to a small bulk This was warned 
with barium hydi'afce solution to decompose the lake, and then filtered from the 

• JSuU Soc. Tnd tie Mulhoiise, 1007, p. 82 
+ Joum, Soc Dyers and Col , 1893, p 168, and 1808, p. 69. 
t Knocht and Appleyard Joum. Soc Dyers and CcI , 1889, p. 72 
§ Jourru Soc, Dyers and CoZ., 1898, p 107. il 16^., 1902, p. 102. 
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insoluble Night blue base Thp filtrate was boiled, and carbonic acid passed 
through the boiling solution for the removal of the banum. The solution 
filtered from the banum carbonate and evaporated down to a small bulk 
was found to possess the property of precipitating the basic colours When 
evaporated to dryness it left a mass lesembling dried glue, which, when heated, 
gave off a smell of burning horn Silk, treated m the same way, gave similar 
lesults, and similar results were also obtained by substituting Crystal violet for 
Night blue. 

From these considerations it seems evident that the dyeing of wool and silk 
with the basic colours is a chemical process The dyestuff does not go into the 
fibre m an unchanged condition (as is assumed by most supporters of the 
chemical theory), its basic constituent only being taken up and combining with 
a portion of the fibre, forming a highly coloured and insoluble compound (lake) 
wldeh is probably held in the fibre in a state of sobd solution.* This conaition 
would also account for the transparency of the dyed fibre. 

With regard to the dyeing of the animal fibres with acid dyes, different 
conditions prevail These dyestuffs are (with one or two exceptions) the alkali 
salts of sulphonic acids of the aromatic senes In the neutr^ condition, they 
exhibit (with few exceptions) but little affinity for the animal fibres,! and the 
use of acid as an assistant m dyeing is neoessa^. In the majonty of cases sul- 
phuno acid is used, either alone or ^ong with (Jlaubersalt, for this purpose In 
dyeing with acid colours, it has been commonly supposed that the only function 
of the acid in the dye-bath is to decompose the alkah salt of the sulphonic acid, 
an 1 thus render the latter capable of being taken up by the fibre, either by 
chemical or mechanical action. This decomposition of the salts of the sulphonic 
acid has, however, been baaed a priori upon a too liberal theoretical specula- 
tion. The sulphonic acids are, as a matter of fact, very powerful acids — so 
powerful, indeed, that thejr are, in many cases, capable of decomposing salts of 
sulphuric and bydrochlono acids. Thus, when mdigo is warmed with strong 
sulphuric acid, so as to produce the disulphomc acid, and the solution thus 
obtained is poured into a concentrated solution of common salt, the colourmg 
matter is completely precipitated, not m the form of free disulphomc acid, but 
as its sodium salt.! An equivalent amount of free hydrochloric acid must, 
therefoie, remain in solution In this case the formation of the precipitate 
takes place in presence of a large excess of salt, and the question of solubility 
no doubt plays an important part But if dilute solutions of sulphuric acid 
and indigotindisulphonate of soda are brought together, there is no reason to 
suppose that double decomposition should not take place in accordance with 
the scheme — 

C|gD!gNs 05 {S 03 S }2 + Na 2 S 04 , 

until a certain defimte equilibrium is established Up to the present, no 
experiments have been recorded which might throw more hght on this 
important subject § This is, however, not astonishing considermg the diffi- 
culties in the way of experimental work in this direction For, although it 
should be theoretically possible to arrive at a defimte conclusion by a 
quantitive determination of the alkali metal left in solution, or m the *ish 

* Knecht, Joum. Soc Dyers and Col , 1889, p 77 

t V Georgievics mentions some notable exceptions to this rule, among them Orange G. 
Quantitative experiments with this dyestufif, in which the amount of colour left m the bath 
was estimated by means of TiCIb, showed, however, that the amount of colour taken up is 
very small, being less than one-seventh of that taken up in dyeing under normal conditions. 

t Regardmg the behaviour of some other free sulphonic acids of dyestufis, see Sisley, 
Bull Soc Ofitm. d Pa/ns^ I c, 

§Gnehm {Joum Soc Dyens arid CoL, 1898, p 191) has shown that when wool is dyed 
with the benzidine salt of Naphthol yellows the organic base remains m solution. 
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of the dyed wool, there were practical considerations which rendered this 
an extremely tedious and uncertain process. By employing the pure 
crystallised magnesium salt of Orystal scarlet in dyeing it was, however, 
found possible to arrive at a definite solution of the problem. Wool was 
dyed with 10 per cent of this compound and an amount of sulphuric acid in 
excess of that required to liberate the free sulphomc acid * The magnesium 
was then estimated in the bath, from which the colour had been completely 
exhausted In a blank experiment, earned out with wool and sulphuric 
acid only, the amount of magnesium extracted from the fibre was estimated. 
When this was deducted from the total amount found m the first expenment, 
it was evident that the whole of the magnesium contained m the dyestuff had 
been left m solution, and that the Oryst^ scarlet had gone into the fibre m the 
form of the free colour acid. The magnesium salt of Orystal scarlet is not very 
soluble in water, and readily crystaUises from comparatively dilute solutions. 
If, now, the dyestuff and sulphuric acid are boiled together m the same pro- 
portion as was used in the dyeing experiment, it was found that the bulk of 
the magnesium salt separated out unchanged on cooling It is, therefore, 
evident that m the dyeing process the colour acid was withdrawn gradually 
and continuously, so that at the end of the operation the chemical change 
was complete 

The function of the acid in the dye-bath is, however, not by any means 
restneted to its decomposing the salts of the colour acids, although it appears 
probable that m some cases the substance (or substances) of the fibre is m itself 
sufficient to accomplish this. 

It has been shown by Hallittf that the free colour acids of acid dyes do 
not dye wool any better than then* alkali (Na) salts This observation has 
since been conoborated by others On the other hand, it was shown by 
KnechtJ that if wool is first boiled with 5 to 10 per cent sulphuric acid, and 
IS then extracted by repeated boiling with distilled water until it no longer 
yields a trace of free acid to the water, it dyes fuller shades in the neutral 
bath of acid colours than are obtained m dyemg in the ordinary way with acid 
in the bath. § Now, if wool is boiled m dilute sulphuno acid, the extract does 
not yield a precipitate with Crystal scarlet, but if the acid is taken of such a 
strength as to dismtegrate the fibre, a substance is found in the solution which 
yields a copious and intensely coloured lake with this dyestuff The mfer- 
ence from these observations is that th© chief function of the acid in the 
dyeing of ammal fibres with acid colours is to produce m the fibre a lake- 
yieldmg substance durmg the process of dyemg Here, as m the case of the 
basic colours, we may consider the colour lake to be held in a state of solid 
solution by the substance of the fibre. || What the nature of the lakes thus 
formed is, we prefer for the present to leave m open question, although 
definite opmions have been expressed on the subject by different au^orities. 
Thus GnehipIT draws attention to the fact that the compounds of the basic 
colours with organic acids of high molecular weight (eg, st^ric acid) are 
hiffhly coloured and insoluble, while acid colours, like Naphtbol yellow, yield 


* Kneoht, t/owm Soc Dyera atid Col,, iqqq -n 

t “ The Theory of the Aoid Dye-bath,** Joum, Soc. J>yera and Col, 1899, p 30 

tJoum, Soc byera and Col., 1888, p 107 ^ ^ 

R 15 tliA Tnodtfviuff fliOtion 01 otiiier 


reagente on the dyemg pro^rhes of wool 

,eeGetaCTImda.“ourllc Dyers CW , 1906 p 277 ?903 

Ponte of Me.eter, Lnoius. and Bm.nng {ibid , 1901, p. 266), and the B A 8 P. {ibid , 1903, 

^ ^Vlt 18 noteworthy that the lakes formed from lanngimo aoid and Mid dyes melt on 
hema heated under water to temperatures above about 90 0 , and solidify apin on ooohng 
to fom aPeSXh are so mtensely coloured as to sometimes appear bSek 
IT ,Toum. Soc Dyera and Col , 1898, p 190. ^ 
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insoluble salts with bases of high molecular weight (e^, benzidine). In a 
sense these salts are analogous to lakes, inasmuch as they are formed from 
soluble dyestuffs, are intensely coloured, and insoluble Nietzki's experiment 
with the ethyl ether of tetrabromphenolphthalem (see p. 14) is also sbrong 
evidence of salt formation On the other hand, Prudhomme* has shown that 
indifferent hquids, which do not mix with water, can be “dyed” with basic 
colours (by agitating them with their aqueous solutions^ if they ontain an 
acid, like salicylic acid, in solution , while if they contain a basic substance, 
such as acetamlide, m solution they can be “dyed” with acid colours. 

An argument frequently advanced as antagonistic to any chemical concep- 
tion of the process of dyeing is that there is no evidence of chemical action 
taking place durmg the process, such as alteration in temperature, a more or 
less complete change m the properties of the reacting substances, and, above 
all, the absence of any regularity m the quantities of the reaotmg substances. 
Oommenting on this subject as far back as 1860, Chas O’N'eiUt pointed out 
that Crum’s objection, that if there were chemical combination there should be 
disorganisation of the fibrous structure, is ruled out of order by choosmg gun- 
cotton as an example. This substance, though deeply and permanently altered 
in its chemical properties, would pass in the hands of most persons as ordmary 
cotton. O’Neill further remarks that in dyemg only a very small portion of 
the fibre is in actual combination, and this contention is borne out by more 
modern investigations with colourmg matters which were then unknown 

That, however, in the dyeing of wool, the laws which govern chemical 
combination are to some extent obeyed, is shown by the fact that acid colouring 
matters of analogous composition, or belonging to homologous senes, are taken 
up in dyeing (under exactly similar conditions and usmg a large percentage in 
each case) in the proportion of their molecular weights. J The same apphes to 
the homologous basic dyestuffs pararosanilme hydroohlonde and Crystal violet. 
The observation made durmg the course of these experiments that, in dyemg 
with the acid colours, the amount of water m the dye-bath had no material 
influence on the amount of colour taken up is pr%ma facie evidence that, in 
these cases at least, there can be no question of “ sohd solution ” taking place, 
in the sense attributed to the expression by Witt. Furthermore, it would be 
difS.cult to explain, except by the assumption of chemical action, how it is that 
the free colour acids, which are generally extremely soluble in water, should 
be held by wool in such a manner that they will withstand the action of 
boihng water. 

Of all the theories advanced with the object of explaining the dyeing of 
animal fibres with substantive colours, it would appear then that that based 
upon chemical interaction between the fibre (or certain constituents of the 
fibre) and the dyestuff best explains the phenomena. The existence of pores 
in the fibres and their assumed influence on the dyemg process has been 
greatly exaggerated When viewed under the microscope m section, it is seen 
that, in dyed fibres, the colour permeates more or less uniformly the whole 
mass of the fibre, fidthough it would appear that, in the case of an animal 
growth like wool, some portions show more aflinity for the dyestuff than 
others. That pores can have no infiuenoe, or at least no material influence, on 
the dyemg process is proved by the fact that artificial fibres made from 
cellulose or gelatme, in which the presence of pores is excluded, behave m 
dyeing like the natural ones. 

The purely colloid theory advanced by Blitz is based upon too slender 
evidence to allow of its general application. Besides, it fails to explam the 

* Rev, gen d. Mat, Col , 1900, p 184. 

t Chemistry cf CaLieo Printing^ Bleaching^ and Dyeing 

tELnecht, Jowm. Soc, Dyers and Cd,^ 1889, p. 74 ; 1904, p. 242. 
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opposite effects which the addition of an electrolyte, like sodium sulphate, 
exerts in the dyeing of direct colours on cotton and acid colours on wool. The 
arguments in favour of this theory also start with a false premiss — viz , that all 
dyestuffs are colloids — which is unfounded. That the fibres themselves are of 
a colloidal character there appears to be no doubt, and their compounds with 
the dyestuffs will probably also possess this character Although numerous 
investigations have been recorded within recent years, by which our knowledge 
of the colloids generally has been considerably extended, nothing has been done 
in those of the class which constitute, or are derived from, the textile fibres. 
The conclusions drawn by analogy with other remote phenomena in colloid 
precipitation are not of much mtnnsio value in explaining dyeing processes. 

With regard to the dyeing of cotton and other vegetable fibres,* practically 
all who have expressed themselves on the question are of opimon that the 
process is of a purely mechanical nature, as has been pointed out above. Nearly 
all the investigations which have been earned out in this respect refer to the 
dyemg of cotton with direct colours, and, from the imperfect manner in which 
these dyestuffs exhaust the bath in dyeing and their well-known property of 
bleedmg, there seems to be strong evidence of purely mechanical action or solid 
solution. This is borne out by an extensive senes of quantitative deterlnina- 
tions conducted by one of the authors on carefully punfied cotton yam with 
chemically pure dyestuffe. The results show that the distnbution of the 
dye between fibre and solute is m all cases strictly in accordance with Henry's 
law,t so that the sohd-solution theory of Witt applies in these cases. 

H. Erdmann J has attempted to explain the dyemg of, cotton on the 
assumption that cotton cellulose possesses a quinonoid structure, by virtue of 
which it shows some affinity fdr the benzidine denvatives This explanation 
has, however, not met with universal approval. 

While not venturmg to express any definite opimon for the present, we 
will restrict ourselves to a statement of the following facts, which, while not 
defimtely proving aiwthing, tend to show that a chemical theory, as far as the 
dyemg of vegetable fibres is concerned, is not a prion out of the question 

Oellulose (see Cotton) is not by any means such an inert substance as it 
is usually supposed to be. It readily combmes with acids to form definite 
compounds of different types, and is also capable of combining with the 
alkahes and other metallic hydrates as well as with ammonia. The compounds 
thus obtained are fairly definite m character, and have been well studied. 

For the basic colours, cotton which is free from oxycellulose shows no affimty. 
But, if the acidity of the cellulose molecule is mcreased by the action of 
oxidising agents (formation of oxycellulose) the fibre shows a marked affimty 
for the basic colours Nitrated cellulose also take up basic colours, and 
if the same mtrated product be suitably demtrated, the affiinity of the fibre 
for basic colours has disappeared. Acetylated and benzoylated cotton behave 
similarly. Thus, if cotton be boiled for a brief period with acetic anhydride, 
it is found to have become unbued with considerable affinity for basic colours. 
A short treatment m boiling dilute caustic soda suffices to destroy this property. 

On the other hand, mtrated or acetylated cotton is found to have lost its 

* Appleyard [Joum, 80c Dyera and OoL^ 1902, p 102) mentions that, in the dyeing of 
jute with the basio colours, he finds that the same quantitative changes take place as m the 
dyeing of wool 

+ The results obtamed by v. Georgievios with Benzopurpunn, in which he asserts that 

the distribution takes place according to the formula = constant, are quite 

misleading, and this is probably also the case with the other direct colours which he 
experimented with 

t Ohem. Ind , 1896, 1 . 
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property of dyeing in the direct cotton colours, but property is restored 
by denitration or saponification. 

Furtherjftiore, Tignon* has stated that, by introducing the amido group 
into the composition of the cotton cellulose (e.g , by heating with calcium 
chloride ammonia), the fibre acquires an affinity for the acid colours 

Although it hM not hitherto been possible to obtain a soluble derivative 
or decomposition product of cellulose which will precipitate the direct colours 
from their aqueous solutions, a derivative of the kind which will precipitate 
the basic colours can be obtamed from tetranitrocellulose by dissolving in cold 
caustic soda and preoipitatmg with hydrochloric acid. The precipitate after 
washing and drymg constitutes an amorphous powder of a light cream colour, 
and IS evidently an organic nitrate or contains organic mtrates. The sub- 
stance is not readily soluble in water, but the aqueous solution yields with 
the basic colours intensely coloured lakes. 

The mordanting of wool and silk appears to be analogous to the dyeing of 
these fibres, and to depend upon their acid and basic properties. Thus, wool 
boiled with a solution of aluminium sulpliate fixes both the acid and the basic 
constituent of the salt; hut, being possessed of more pronounced acid than 
basic properties, it absorbs the basic constituent more energetically than the 
acid one, and some free acid is left in the solution. By subsequent treatment 
with boiling water, more acid is extracted, and the alumina becomes more 
firmly combined with the substance of the fibre. It is noteworthy that only 
such salts which contain the acid and basic constituents m a comparatively 
loose state of combination are absorbed by the wool fibre Thus, whereas the 
sulphates of alumimum, iron, chromium, and copper are readily taken up from 
the boiling solution by the wool fibre, sodium sulphate or sodium chloride are 
not taken up at all Chromic acid, on the other hand, is readily taken up by 
wool, and, like the acetates of the heavy metals, is precipitated from its 
aqueous solution by lanuginio acid. 


/ovrTi. Soc Dy&ra and Col.t 1893, p. 44. 
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CHEMICAL TECHNOLOGY OF THE TEXTILE FIBRES. 

A KNOWLi LGE of the chemical and physical properties of the textile fibres, 
and of their behaviour towards the various substances which they are likely 
to come in contact with, either during the process of manufacture or after- 
wards, as well as their behaviour under varying conditions of moisture and 
temperature, is ,of the greatest importance both in dyemg and fi nishin g 
The two most impoi*tant things which the dyer has to deal witli are, m the 
first place, the material to be dyed ; and, secondly, the materials or substances 
used in producing the desired colours and effects Unfortunately, the exact 
study of the former subject (the textile fibres), from a chemical and physical 
point of view, has been somewhat neglected, and there are at piesent still 
many points on which more extensive and more exact information would 
be desirable. Chemists have hitherto usually turned their attention to more 
straightforward, and perhaps more remunerative, work j but, at present, 
increased signs of activity have shown themselves m this important field 
■of research j and it is to be hoped that this will be rewarded by results 
valuable, not only from a theoretical but, also from a practical point of view. 
Although it IS generally admitted that a sound knowledge of the tec^ology 
■of the dyes, mordants, <fec, renders a vast assistance to the dyer, this must 
be increased two or threefold when it is combined with a thorough knowledge 
■of the technology of the textile fibres, or at least with as complete a 
knowledge as our present scientific status will allow of, and the student will, 
therefore, see the necessity of devoting his close attention to this subject 

The textile fibies are usually divided accordmg to their origin, and the 
-great differences m their chemical and physical properties, into two great 
classes * — viz., the vegetable fibres and i/ie timed fibres^ which may again 
be subdivided into several divisions, of which the most important member 
IB usually taken as the typical representative 

Of the vegetable fibres cotton is the most important, and it is this fibre 
on which we possess the most detailed information Then follow linen, 
hemp, jute, Chinagrass, and a host of other vegetable textile fibres, some of 
which have indeed met with a small demand in the market , whilb by far the 
greater number are merely museum specime^iSj and are likely to remain such. 
Although one sometimes comes across one of these fibres which, from the 
results of practical teats and experiments earned out on the small scale, 
promises good results as a textile fibre, the hold which cotton and linen have 

* In some works the mineral fibres form a third class These oompnse asbestos, glass 
wool, slag wool, &o., but as these fibres are of very minor importance m the textile 
industries (except as packing for steam joints, and for covering boilers and steam pipeB)i 
and are never eubmitted to any processes of dyeing or bleaching, they will not be 
considered in this work. 
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on the market almost invariably renders sucjcessful competition a praot 
impossibility. Of other vegetable substances which the dyer frequently 
to deal with may be brieflj mentioned : straw (for hats), vegetable ivory i 
buttons), and wood Paper, for the manufacture of which various vegeta 
substances are used, may vary considerably in its chemical properties aocord 
to the material from which it has been made. 

The animal textile fibres include wool, hair, and the different kmds 
silk. To the same class belong such substances os feathers, horn, bone, iv( 
and leather. These substances are nitrogenous, and differ entirely ^om tt 
of vegetable origin, not only m their chemical, but also in their phys 
properties j and, conseqmentlyj require a different treatment in bleach] 
dyeing, and finishing. They will not withstand such high temperatures 
those of vegetable origin; while at the same time they are more capa 
of resisting the action of mineral acids, but are much less stable tows 
alkalies than the latter. In addition to these properties, they have 
power of combining directly with a much larger number of colouring matt 
and possess the property of assimilating directly metallic bases from cert 
salt solutions. 


THE VEGETABLE FIBRES. 

OOTTON (Ghrm., Banxmwolh j Fe., Goton,) 

The working of cotton into fabrics originated, so far as we know, in In 
the first allusions to cotton clothing extant being in Herodotus (BO 4 
Some hundred years later we are told that the Hindoos wore “ a sort of li 
made from a stuff which grew upon trees.*' Pliny speaks of the Egypt 
wearing cotton goods The Qiinese also used them, in fact, they clam 
have manufactured cotton goods as far back as 2,300 years B.O. Prioi 
the discovery of America the inhabitants of Mexico, Brazil, and Peru apj 
to have been well acquainted with the methods of spinning, weaving, 
dyeing of cotton, and beautiful examples of their skill in this respect 
from time to tmio, brought to light by the excavation of tombs, Sj 
was the first European country to manufacture cotton, and in the thirtee 
century her products reached a high degree of excellence The Dutch aJ 
wards became very famous in the handicraft, and it is undoubtedly to 
latter nation that we owe the success of the early manufacture of coi 
in Great Britain. Probably the first mention of the ti*ade in Lancas 
and district is contained in Lewis Roberts* Trecbsury of Traffic^ publis 
in 1641, in which, speaking of Manchester, the author says — “ Neither c 
their industry rest here, for they buy cotton-wool in London that comes 
from Cyprus and Smyrna, and at home worke the same and perfect it 
fustians, velveteens, dimities, and other such stuffes, and then return^ 
to London where the same is vended and sold, and not seldom sent 
forrain parts, who have means at far easier terms to provide themselve 
the said first materials.** 

Raw cotton, as it comes into the market, consists of the hairy m&U 
which covers the seeds of various species of the cotton plant {Gossypvi 
which belongs to the natural order of the Malvace® or mallow-worts, 
fibies are attached to the seeds, which latter are enclosed in a 3 to 5 va 
capsule When ripe, this bursts and exhibits a ball of snowy white, or shg 
yellowish fibre The cotton is picked as soon as possible after ripening, 
comes into the market after having been separated from the seeds by 
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operation termed “ ginning.” The seeds, which were formerly not considered 
of any value, are now used in the manufacture of cotton-seed oil (of which 
they contain 20 to 25 per cen^, large quantities of which are used for eoap 
making and other purposes. The crude oil as well as the cake are coloured 
yellow to brownish-yellow. The colov/r^ matter to which this is due is con- 
tained in the fresh seed in colourless globules fairly regularly distributed 
throughout the mass of the starchy matter. It has been obtained in the 
form of well-defined yellow crystals, to which Marchlewski* has given the 
name gossypol, and to which he ascribes the formula The crystals 

melt at 188*. In strong sulphuric acid it dissolves with a characteristic 
crimson colour, and this solution if poured into water yields a yellow precipi 
tate. In caustic alkahes gossypol readily dissolves to an intensely yellow 
coloured solution. Mordanted cotton can be dyed with it in various shades 
of yellow to brown The residue of seeds, from which the oil has been ex 
pressed, is known as cotton-seed cake, and constitutes a valuable foodstuff foi 
cattle. The complete separation of seed particles from the fibre is not always 
possible, and they are frequently visible in grey calico in the form of blaot 
specks or “motes.” These may, under certain conditions, give up part of th€ 
oil or tannin which they contain to those portions of the cloth which are in tht 
immediate vicinity, and thus give nae to unevenness in dyeing 

There are four primary species of the cotton plant, which appear to includt 
all those which are usually cultivated for commercial purposes. These are — 

1. Goasypvwm, Barhad^e — ^This is the most valuable, being the one whicl 
produces the long silky-haired Sea Island cotton The Gossypxvm hirsutfwm 
which is supposed to be a variety of G harhadense^ is the one from whiol 
the greater portion o£ the United States and the Egyptian (macco or Jumol 
crops are raised. 

2. Goasypivm Ferumammri is indigenous to South America, and flourishefi 
in Peru, Brazil, and the neighbouring countries The fiowers are yellow. 

3. Gossypvum herhac&um is a native of Asia, and is a small shrubby 
plant bearing a yellow flower. It produces the Madras, Surat, short 
stapled Egyptian, and some qualities of American cotton. 

4. Go&8yp%um on-horema is also found in India and China, and is a fine tree 
like plant, bearing a reddish flower, and yielding, under suitable conditions, c 
long silky cotton. 

Practically considered, the best division is (according to Bowman) that 0 
herbaceous, shrub and tree cotton. In one or other of these forms the plan 
is indigenous to the warm climates, but especially in India, Egypt, an( 
America. The herbaceous cotton is the most valuable, and is tiiat froB 
which the large Amencan crop is obtained The shrub is about the size 0 
an ordinary currant bush, and in the hottest climates becomes perennial. 

Physical Properties. — Bowman defines the typical cotton fibre as a Ion 
tubular compound vegetable cell, from 1,200 to 1,600 times as long as it i 
broad. The outer sheath appears to be a continuous liber cell of pure cellulose 
and the inner or thickemng layers of the tube consist of secondary cellula 
deposits upon this ^idermic layer, or are formed by a gradual thickening c 
that layer itself. The thm end of the fibre is closed ; while the other — yiz 
that by which it was attached to the seeds, is irregularly tom. When viewe 
under the microscope, the cotton fibres present the appearance of ribbon: 
thicker as a rule at the edges than in the middle, and are frequently seen t 
be spirally twisted This spiral shape of the fibre is due to the drying up c 
the sap originally contained in the npe fibre. WTien seen in reflected ligh 
the fibres e^ibit a lustrous surface. In transverse section the normal cotto 
* Joum, Ohem. Boc , 1899, p. 84 
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fibres present a great variety of shapes, but they are all more or less flattened, 
and in each is visible the small opening which runs from the base almost to 
the extreme end of the fibre. The special character of the fibre renders it 
suitable for the manufacture of very fine yams, and also accounts for the 
elastic character of fabrics made from cotton as compared with linen fabrics, 
of which latter the fibres are stiff and straight. 

In the perfectly npe cotton the tubular form is distinctly seen in section, 
but the young unnpe fibres show no indications of a tubular structure. Under 
the microscope they present the appearance of broad ribbon-like fibres, which 
are almost transparent and show irregular folds Such fibres, which are 
technically known as dead cotton^ are difficult to dye, and may sometimes be 
met with in indigo or alizarin-dyed calico in the form of white specks.* 

The length and diameter of the cotton fibres vary considerably according to 
their origin, as will be seen from the following figures quoted by Evan Leigh. — 


LengUi of Staple 
m luokea 

Diameter of libra In Inohes 

Min 

Max 

Min 

Max 

0*88 

1 16 

0 000680 

0 000970 

1-41 

1*80 

0 000460 

0*000820 

103 

1 31 

0 000620 

P 000960 

1*30 

1‘62 

0 000600 

0 000720 

0-77 

1-02 

0 000640 

0 001040 

mean 

length 

of the cotton 

fibre vai 


Besoriptloii of Ootton 


New Orleans, . 

Lon^ Stapled (Sea Island), 
Brazilian, 

Egyptian, 

Native Indian, . 


As a rule the longest fibres have the smallest diameter, and are finer and 
silkier in the staple ; they can be spun to the finest counts, and command the 
highest price in the market. We obtain an idea of the mmuteness of an indi- 
vidual cotton fibre when we remember that if all the fibres contained in a single 
pound of American cotton were placed end to end in a straight line they would 
reach 2,200 miles. The strength of the individual cotton fibres is also subject 
to considerable vanations, as will be seen fiom the following figures, which 
represent the results of experiments carried out by Chas O’Neill. He arranges 
them as follows — ^ 


Sea Island (Edi8to)j 
Queensland, 
Egyptian, . 
MaraDham, • 

Bangueld, . 
Pernambuco, • 

New OrleauB, • 

Upland, . 

Surat (Dhollerah), 

,, (Comptah), 


Mean Breaking Strain 
In OraiuB 
83 0 
U7 6 
127 6 . 

107 1 
100 6 

140 2 
147 7 
104 6 

141 9 
163 7 


Speaking roughly, the fibre which carries the highest strain has the largest 
diameter, and, therefore, the largest sectional area to resist the breaking. The 
ripe fibres — that is, those in which the sectional area is greatest — aie conse- 
quently able to resist a greater strain than the unnpe fibres of one and the 
3 ame quality When subjected to tension, the walls have a tendency to 
collapse; and, when the flattenmg process has gone so far as to obliterate 
the whole of iiie central opening, the extreme outer structureless pellicle seems 
bo suffer rupture first, while the mner parts of the tube-walls seem to extend 

* According to A. Platters [The Cotton Plant) dead cotton is more probably an over- 
ieveloped fibre 
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Plate I 



No 1 — Indian ootton (Afleam) x 76 dloni No 2 *— American oottou (Gollinl) x 76 dlam 



No 3 Sea Island cotton (Florida) xflOO dlani No 4 —Sea Island cotton, mercerised under 

tension x 100 dlam 



No 6 —Sea Island cotton (cioss section) No 0 —Cross section of Sea Island meicerlsed 

X 100 diani cotton nndei tension x 100 dluui 
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slightly, and then the whole completely severs. This severing is usually 
^Lccompanied by a drawing-out of portions of the secondary deposits which 
remain, after the rupture is complete, in the form of hbrous masses, giving 
a very ragged edge to the fractured tube. ® 

In the unbleached condition the cotton fibre is covered with a thin 
membrane or cuticLe^ the presence of which is beat revealed by observing the 
-action of Schweizer’s reagent (see below) on it under the microscope. Under 
the influence of this reagent the fibre rapidly swells, causing the cuticle to 
burst m places, while, m others, it forms strictures round the greatly distended 
fibre. Mercerised and well-bleached cotton do not show this behaviour, since 
hhe cutide is practically all destroyed by mercensmg or bleaching. 

It has frequently b^n stated that, when a wet cotton fabric freezes, it is 
tendered m consequence of the burstmg of the fibres. Exact experiments 
■carried out by C E S, Rothwell * show that, even when frozen several tunes 
over, no appreciable diminution of the strength of cotton fabrics takes place. 
N aturally, when a fabric is frozen stiff, it will break when folded or crumpled, 
but the same would take place if it were stiffened with a strong gum solution 
and dried 

Up to a certain degree, the action of heat is such as to influence only the 
physical properties of the cotton fibre Heated to 100®, the fibre loses its 
natural hygroscopic moisture, or (as Bowman terms it) its water of hydration, 
which amounts under ordinary circumstances to from 6 to 8 per cent t When 
■exposed to the air again at the ordmary temperature the fibre rapidly regams 
weight until it has absoibed just as much moisture as it gave off. The rate of 
absorption varies, however (as might be expected), with the hygrometiic 
condition of the air, being much slower in fine, dry weather than m foggy or 
wet weather The maximum amount of hygroscopic moisture which the cotton 
fibre is capable of absorbing is, according to Wiesner, just under 30 per cent. 
The strength of cotton yams and fabrics is veiy materially influenced by the 
amount of moisture present Thus, cotton dri^ at 100® 0. is much weaker 
than the same material contaimng the normal amount of moisture, while, m 
the wet state, it is stronger than m the ordmary condition At 100® O the 
moist cotton fibre becomes plastic, although not to the same extent as is the 
case with wool The fibres may be made (under the influence of pressure) to 
assume at this temperature certain shapes, or may be made to he in certain 
directions, retaimng their position after cooling. On this property are based 
the vanous processes of hot-finishmg (calendermg, (fee )• 

Accordmg to L Vignon, loose cotton possesses, m the air-dried condition, a 
specific gravity of 1 50. 

Counts of Cotton Yam , — The fineness of cotton yam is expressed by 
so-called “ counts,” or numbers which indicate how many hanks of 840 yards 
each go to a pound Thus by 60's cotton is meant a yarn of which 60 hanks of 
840 yards ea^ would be required to make a pound 

Chemical Composition and Properties — Cotton, freed from the natural 
impurities, which it invariably contains in greater or smaller quantities, 
consists of almost pure celluloseT, a substance which is umversally distributed 
“throughout the vegetable kingdom, and which forms (either as such or in some 
modified form) the so-called ligneous or woody fibres of plants But whereas 
in the cotton fibre cellulose exists m an almost pure condition, it is generally 
accompanied in other plant fibres by a greater or less amount of mcrustaceous 
matter which is usually difficult to remove The impuiities contained in raw 
cotton amount to about 6 per cent by weight, and consist, essentially, of pectic 
acid, colouring matter, cotton wax, cotton oil, and albuminous matter. The 

* Joni/nx Soc. Dyers aiid Ool,t 18Q2, p 163 

t The Btandard adopted by the Manchester Chaniber of Commerce is 7 8 per cent 
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process di bleaching has for its object the removal of these substaaoes, and 
will be referred to again under that headmg. 

The ohemical analysis of cellulose shows that it consists of carbon, 
hydrogen, and oCTgen, and that the simplest formula representmg its com- 
position is OgHipOg. It belongs to a naturally occurring important class of 
substances, which are chemically known as carbohydrates, of which starch, 
dextrin, and the sugars may serve as familiar examples. These bodies may 
be looked upon as polyatomic alcohols, containing at the same time aldehyde 
or ketone groups. According to the investigations of Cross and Be van, 
cellulose forma a pentaracetyl derivative, and might consequently be regarded 
as a pentatomio alcohol, 03 H 5 (OH) 5 . These auSiors, however, do not regard 
cellulose as a pentatomio aicohoL They consider that it contains only three 
hydroxyl and one aldehyde group, while the fifth oxygen atom is in combination 
with two carbon atoms, forming the group =0H — 0 — 0H=. The penta- 
acetyl cellulose would appear to be formed by a more profound change, 
involving disintegration of the molecule Under normal conditions, only 
four acetyl (or three acetyl and one benz(wl) groups can enter into ohemical 
combination. In the double molecule, Oi2H2^0io, ihey regard eight of the ten 
oxygen atoms as being present as hydroxyl gioups, while the other two are 
present either as ketone or aldehyde groups. Baaed upon these considerations, 
these authors (in collaboration with Beadle) suggest tiiat cellulose consists of 
groups of the type^ — 

OH OH 



(Jh— c!h 

OH— CH 


> 


CH 


2 



which unite with each other by virtue of the CO and OHg groups to more 
complex molecules * 

A. G. Green,! who bases bis conclusions to a large extent on the researches 
of Fenton, has suggested for cellulose the following formula — 

C(OH)— CH~OH— OH 

I >0 >0 

0(OH)— OH— OHg 

by which it is represented as an intramolecular anhydride of glucose. 

Pure cellulose is usually regarded as a somewhat mert substance; it is 
colourless, poasesaea neither taste nor'-smell, and la absolutely insoluble in. 
water, alcohol, ether, and other ordinary solvents. Its specific gravity is about 
1 5 When heated, it first parts with its water of hydration , and, if heated 
still further, it turns brown The temperature at which cellulose begins to be 
permanently altered has been variously stated, and the figures differ enormously 
(from 130"to 270" 0) This is no doubt due to the time factor not having 
been taken into consideration. That decomposition takes place, even at 100 , 
is known to most chemists from the fact that filter papers left m a water oven 
for some considerable period are found to have acquired a yellow tinge, and 
to have become quite friable 0 0. Weber (private communication) placed the 
lowest temperature at which cotton suffered a permanent change at 80“ 0 , and 
this he calls its “ critical temperature ” 

I/ight also exerts a disintegrating action on the cotton fibre, which is best 

*Joum Soc, Chem. fnd , 1893, p 498 
iJoum 3oc, Dyers and OW., 1904, p. 117. 
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noticed in the tendering of muslin and lace curtains and window- blinds. This 
tendering is probably due to the formation of oxycellulose. In this connection 
it IS interesting to note that ship^a sails dyed with cutch are said to last much 
longer than white ones. 

If strongly heated in closed vessels cellulose is ultimately completely 
decomposed, jaelding water, acetic acid, methyl alcohol, acetone, and other 
products similar to those obtamed in the dry distillation of wood, and leaving 
behind a residue of charcoal In the open air it bums freely without emitting 
any very strong smell, but smouldering cotton gives off the characteristic 
penetratmg smeU of acrolem. 

Action of Water. — Under ordinary conditions water has no action on the 
cotton fibre, but, when heated under pressure to 150" with water, A Scheurer 
finds that the fibre is sensibly attacked Raw cotton subjected to this 
treatment for eight hours had decreased in strength from 18 to 17, bleached 
cotton from 27 to 20. When heated with water to 200“ cotton turns brown, 
and 18 decomposed with the formation of carbonic acid, formic acid, pyro- 
catechin, glucose, &c Prolonged steammg at 99“ to 100“ 0. also has a 
tendermg effect, which, after 420 hours, amounts to about 76 per cent 

Solvents for Cellulose. — ^When treated with an ammomaoal solution of 
copper hydrate,* the cotton fibre swells up considerably and slowly dissolves, 
fomung a thick slimy solution, from which acids throw down a gelatinous 
precipitate. According to A Platters t the newest layer — i e., the portion of 
the fibre dosesb to tiie inner cell wall — is attarcked, and dissolved first. 
According to the same authority mildew is found to exert a similar action, 
inasmuch os it first attacks the cellulose nearest to the inner cell wall 
The cuticle and the endochrome are not dissolved. This, when washed and 
dried, forms an amorphous white powder possessmg the same chemical com- 
position and properties as the original purified fibre. It is, therefore, regarded 
as unchanged cellulose Prudhomme,i however, maintains that oxy cellulose is 
formed by the action of ammoniacal copper solution on cellulose. This author 
does not state, however, whether his Schweizer’s reagent waj 3 freshly prepared 
or not. When kept for some time in contact with the air, the reagent takes 
up a considerable amount of oxygen and is known m this condition to oxidise 
many organic substances Expenments which we have conducted m order to 
decide this question show that filter paper dissolved in freshly prepared 
Schweizer's reagent and then precipitate by hydrochlono add yields a cellu- 
lose which only takes up a very small amount of Methylene blue, and this 
absorption is no doubt due to the small amount of oxy cellulose already present 
in the filter paper (according to Nastukoff about 6 per cent.) By allowing the 
solution of the filter paper in Schweizer's reagent to stand for some time in 
contact with the air, it was found to yield a less copious precipitate on 
acidulatmg, and this gave, with Methylene blue, a much deeper shade than 
the one which was precipitated at once 

Cellulose also dissolves, accordmg to Cross and Bevan,§ in a solution of zinc 
chloride (1 part) and hydrochloric acid (2 parts), showing a specific gravity oi 
about 1'44. By pourmg this solution into water, a precipitate of cellulose if 
obtamed which contains 18 to 26 per cent. ZnO A solution of cellulose m 
zmc chloride has been suggested by Manby for the production of a permanenl 
filling m calico This solution may also serve in place of albumen as a fixing 
agent for pigments in pnntmg 1| 

* This solution, which is generally known as Sohweizer’s reagent, may be prepared ai 
follows :^To a cold solution of copper sulphate add ammonium (boride, then caustic sodc 
m excess Filter, wash, and dissolve in ammonia of 0*02 speoifio cavity 

t The Cotton Plavi, tJoum Soc By ere and Col , 1891, p. 148. 

^ Ohem. News, 1891, pp 63, 66. II English Patent No 10,466, 1894. 
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An ammoniacal solution of nickel hydrate dissolves silk, but not cellulose. 
Behaviour towards Acids. — Concentrated mineral acids usually exercise a 
very powerful and rapid action on the cotton fibre, but this may vary consider- 
ably according to the kind of acid, temperature, and duiation of contact 

Concentrated autphurio acid first causes the cotton fibre to swell up, forming 
a gelatmous mass ; and, if this is rapidly diluted with water, a precipitate is 
obtained of a substance termed amyloid which is coloured blue by iodine solu- 
tion. The formation of vegetable parchment is supposed to be due to the 
partial transformation of the vegetable fibres into this substance. A more 
probable explanation is that the fibres are superficially converted into cellulose 
sulphates,* which, on coming into contact with the water, decompose with 
regeneration of cellulose, which sticks the fibres together and fills up the 
interstices. Vegetable parchment is prepared by passmg unsized paper into 
•cold sulphuric acid at 140" Tw., allowing it to remain in the liquid for not less 
than five, and not more than twenty seconds, and then thoroughly woshmg out 
the acid in plenty of water. Paper treated m this manner is found to have 
decreased in volume, but to have increased in density, while, at the same tune, 
its strength has increased three to four fold The same treatment is said to 
import to the cotton fibrje an increased affinity for the basic coal-tar colours. 

By the continued action of strong sulphunc acid cotton is completely dis- 
solved and 18 converted into a gum-like substance, chemically known os 
dextrin, which possesses the same empirical composition — viz., CgHjoOg If 
the solution is diluted and boiled for some time, the dextrin undergoes 
:a further chemical change and is converted into glucose or grape-sugar, 
CgH^20g The close relationship which exists between these tlmee carbo- 
hydrates IS thus shown in a strikmg manner. 

Accoiding to H. Koechhn, cotton steeped in the cold in strong niPnc acid 
.(83" Tw ) IS converted mto a dimtio-cellulose, the fabric being neither tendered 
nor rendered inflammable. Cotton thus treated hod acquired an increased 
.affinity for basic colours Knechtf was not able to confiim this latter observa- 
tion as far as the basic colours were concer;aed, but found, on the other hand, 
that the treated cotton hod acquired an affimty for some acid colours. He 
■further pointed out that when cotton is steeped tor some minutes in nitric acid 
•of Tw., it assumes a gelatmous appearance, which disappears on washing 
with water. Calico thus treated was found to have shrunk considerably, ancj 
while having gamed in strength, had acquired a gieatly inci eased affinity for 
the direct colours and the sulphide colours It is noteworthy that, although 
iihe fabric thus treated does not shrink as much as when subjected to the 
action of caustic soda, its affimty for direct colours is twice as great as that 
•of cotton mercerised in the ordmary way (m either case without tension). 
Twofold Egyptian cotton yam, treated m a stretched condition with strong 
nitric acid, and washed until slackenmg ensues, acquires a silk-like lustre 

If the nitnc acid is below 77“ Tw , it does not show this peculiar achon on 
•cotton ^,on the contrary, the fibre is soon tendered by acid of lower conoentrar 
tion In a subsequent communication, X Knecht showed that cotton which 
had been steeped in nitnc acid of 83" Tw. could be dried in a vacuum over 
fleshly burnt lime The product thus obtamed fumed strongly when exposed 
“to moist air, and was found to contain 35 8 per cent of loosely combined nitno 
acid, which would correspond approximately to the formula CgH^QOg HNOg. 
This unstable nitrate is decomposed mstoutly by water, to which it yields the 
whole of the loosely combmed mtnc acid 

It was fui ther shown that if cotton be steeped for a prolonged period (four to 

*See also Blondeau {Pet'z Jaheaber , xxv., p. 282), Maxcliand {thid , xxvi , p. 615), 
‘and Fleischig {Ze\,t f phya Chem , vii , p 628) 

•YJoum JSoc Jjyeraand Cb/., 1896, p 89. tlhid , 1904, p. 68 
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^ library 

^markable property—^ 


Tw. it acquires a ne 
viz, an ruai;^^ dyestuffs, such as AcS 

Crystal scarlet, &o. TFis^ therefore, m a sense cmi... ^ , 

Cotton treated with other volatile acids, such aaSfesj^^^UB^Ancrro %aid, 
glacial acetic acid, or concentrated hydrochloric acid, onlyTS^Sor^ per 
cent, of acid after drying in a vacuum over burnt lime. 

By strong hot nitnc acid, cotton is entirely decomposed, a number of pip- 
ducts being formed, including oxahc acid and an oxidised cellulose soluble in 
alkalies. A similar product is obtained by heating the loose nitrate alluded 
to above to 100“. Towards a mixture of strong nitno and sulphuric acids, the 
cotton fibre behaves in a different and somewhat pecuhar manner. Its external 
appearance is not changed, but the cellulose becomes converted into a senes of 
compounds, which are known as nitro-celluloses (more correctly cellulose 
nitrates), and which contain more or less mtrogen, according to the composi- 
tion of the origmal mixture of acids These bodies were first discovered m 
1846 by Schccnbein The moat highly mtrated product hitherto descnbed has 
the composition Ci 2 Hi 4 (N 02 )qOio, and is known as pyroxylm or gu7i-coi^n. 
A less nitrated product (trmitro-ceUulose), produced by the action of 3^3 
concentrated acids on cellulose, is known as sohMe pyroxylm. According 
to Lungs’*^ a perfectly soluble pyroxyhn, possessing the maximum degree 
of viscosity, IS obtained by steeping carefully purified and dned cotton-wool 
for two hours at 40® 0 in mixed acids oontainmg — 

. H 2 SO 4 
HNOs 
H 2 O 

besides 1*04 per cent. F 2 O 4 . 73 parts of iihis 

1 part cotton The resulting product contained 
12 42 per ceu.. muruRcx. It IS soluble in a mixture of ether (2 parts) and 
alcohol (1 part) , the thick solution thus ohtamed constitutes the so-caJled 
collodion. It IB also soluble m acetone, amyl ^tate, pjmdine, and other 
oreanic solvents. When allowed to evaporate, these solutions leave behind 
a thin homy layer which is transparent and insoluble in 
account solutions of pyroxyUn are used for coating book-cloths and 
-schremered” cotton good, in order to render them ^ater- or rain-pr^f 
CJotton treated with mixed acids shows an mcreaeed afiBmty for dir^t 
colours up to a certain degree of nitration, probably on acTOunt of the 
mercerising action which occurs Beyond the condition of tetramtro^ellulose, 
however, this aflB.nity begms to decrease, and with hexanitro-cellulose it is 
practically nU On the other hand, highly-nitrated ceUulose educes a n^k^ 
EtHor the basic colours J Schneider t has turned this property to 
accou4 for dyeing two colours on cotton m one bath. If a portion of the 
cotton IS mercerised (preferably with nitric acid), three rolours result 
By strong hnjdroMono aoid cotton is dBintegrated, 
maWl is Led with the aoid in. It is thus reduced to a white powder 
Gaseous hydrochloric acid reduces moist cotton to a geMmous mass 

mLLiW acids have little or no action on J 

cotton IS exposed at the ordinary temperature for a few minutes to the actior 
of Snhurfc S of from 104“ to 125“ Tw, smd is then thoroughly washed 

the stimigth of the fibre is (ancordmg to Mercer) not 

iTicrft^ed affinity for colourmg matters. , In the cold, sulphuric aoia om) 
clianees the fibre when it is suflaciently concentrated to absorb more wa e 

acid at 32“ to 62“ Tw , at 16“ 0 , without mjury, and it will only be at 69 iw 

* Zeitech. f. angeu) CAem., 180^ p 2051. + tl .*,? irks n 103 

+ Joum Soc. IbysTs and Col., 1907, p 78. t Ibid., 1868, p. lOd. 


42 36 per cent , 
41 10 
15 60 

The mixture contained 
mixture were used for 
12 42 per cent, nitrogen 
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(3 parts acid to 8 parts water by volume) that the change is noticeable after 
the third hour. Gotten can withstand the action of sulphuric acid at 93" Tw., 
diluted by its own volume of water for one hour. In six hours the fibre is 
tendered and begins to absorb colour from a solution of Methylene blue , in 
forty-eight hours, the change and property of absorbing colour are complete. 
Wim sulphuric acid, contaming 100 grms per litre and heated to 80" 0., no 
immediate change is effected , it takes five nunutes for the change to begin, 
thirty minutes before it has made progress, and an hour for completion. 

If cotton, saturated -with ddnte mineral acid,* be allowed to dry, the acid 
gradually becomes more and more concentrated on the fibre, and the latter is 
“tendered.” The degree to which the tendermg takes place will depend to 
a great extent on the temperature at which the drying is effected. Sharp 
drying at a high temperature has a much more destructive infiuence than slow 
diying. The same takes place when cotton impregnated with certain salts, 
such as the chlorides or mtrates of aluminium, iron, or chromium, is dried. 
A more or leas complete dissociation of the salt takes place and the acid which 
is liberated tenders the cotton. Hence, it is obvious that all cotton goods or 
goods containing cotton should be well washed after being in contact with 
mineral acids, or with salts, which are liable to undergo dissociation, m 
order to avoid tendermg in the drying operation 

Hydrocellulose. — ^When viewed under the microscope, cotton fibres which 
have been tendered by the action of acid do not appear to have undergone any 
physical change, but analysis shows that a chemical change has taken place 
winch is evidenced by a shght increase in the percentage of hydrogen and 
oxygen. If the acid is taken strong enough, the cotton is completely dis- 
integrated, and falls to a white powder. The product, to which the formula 
^i 2 ^ 22 ^\i been ascribed, has been termed hyd/rocellidose, t For its 
preparation, cotton is immersed for 12 hours at the ordinary temperature in 
sulphuric acid of 1*45 specific gravity, well washed, and dried at a moderate 
temperature The chemical properties of hydrocellulose are similar to those 
of ordinary cellulose, from winch it differs, however, in the following respects ; 
— Heated beyond 40" m the air it oxidises and turns yellow, becoming 
blackened at 100*. It is soluble in boiling acetic anhydride, while cellulose is 
not. According to A. L. Stem,t cotton which has been dismtegrated by acids 
and washed absolutely free from acjd is not blackened at 100." He considers 
that when cotton is disintegrated by acids this is due to certain portions being 
more easily attacked, and when these portions are converted into soluble pro- 
ducts, the whole fibre falls to pieces When cotton, which has been tendered 
by the action of acids (hydrocellulose), is mercens^, it gains considerably in 
strength, while if the tendering baa been caused by an oxidising agent 
(oxycellulose), a diminution in strength is brought about by mercerising with 
caustic sod^ Concentrated nitric acid appears to have the opposite effect. 
The following figures may serve to illustrate tbia remarkable behaviour . — 

Breaking atraln. 

Bleached cotton yarn, 667 grmfl. 

^ V , •* tendered by HaS 04 , . . . 366 „ 

Tendered yarn mercensed, 616 ,, 

The tendered yam placed in mtric acid of 83" Tw. was completely rotted. 

Some of the same yarn was partially converted mto oxycellulose by 
permanganate and then decolorised with bisulphite. 

It IB interesting to note that m this respect benzene sulphomo acid behaves bke 
a mineral acid. ^ 

t Girard, Ber,^ 1881, p, 2834. J Jowm, Soc. Dyers amd Col , 1004, p. 121. 



ON. 


31 



Bre&klDg strain. 

Ozyoellulose, 208 gnns. 

After immersion m HNOj, 232 ,, 

Placed in strong caustic soda the yam was completely rotted. 

The destructive action produced on cotton and other vegetable fibres by 
immersion in a dilute mmeral acid, and then drying, is turned to practical 
account in the process of ccurhomsvng (o u.). 

Orgcmio ac^ attack the cotton nbre to a much less extent than do the 
minerd acids ; even when used boiling they do not, in moderate dilution, exert 
any action. When dried on the fibre and then steamed oxalic, tartano, and 
citric acids may, however, produce tendenng.* When a strong solution of 
oxahc acid thickened with gum is allowed to dry overnight on cotton fabric, 
no appreciable tendering takes place, but the prmted portions are found to 
possess an increased a£&mty for basic and a decreased afiinfty for the direct 
dyes.t 

Kneohtt has shown that this remarkable phenomenon is due to the 
formation of formylcellulose, the oxahc acid decomposing on drying into 
carbomc and formic acids. A short treatment m boiUng dilute caustic soda 
is sufficient to saponify the product, and the cottnn acqmres its normal 
properties again. Succmic acid does not show the reaction, but malomo acid 
and ethylmSonic acid, which, like oxalic acid, are decomposed by heat, show 
it m a marked degree. 

Boiling acetic § and formic acids tender cotton when in the pure state, but 
in the dilute condition they do not appear to exert, under any conditions, 
a deleterious action on the fibre. 

Heated with acetic anhydride, cotton is acetylated, yieldmc a monoacetyl- 
celluloae. By the action of acetic anhydride in piesence of a dehydrating 
agent like concentrated sulphuric acid, triacetyloellulose || is formed, which is 
readily soluble m acetone A formyl cellulose is obtained by the action of 
anhydrous formic acid on cellulose m presence of HOL IT 

By acting on cellulose with a mixture of glacial acetic acid, acetic anhydride, 
and sulphuric acid. Cross, Bevan, and Briggs** have succeeded m preparmg 
an acetosulphate of cellulose having the composition (0gH702)S04(02H 303)10, 
which IS soluble in alcohol 

Carhonising, — ^Woollen rags or loose wool are immersed for 2 to 12 hours 
in dilute sulphuric acid at from 2“ to 8” Tw , the duration of the immersion 
depending upon the strength of the acid. After the excess of acid has been 
removed m hydro-extractors, the rags are carefully dried, first at a temperature 
of 30“ to 46“, which is raised after two to three hours to 70“ to 80“, at which 
temperature the vegetable fibre is carbomsed. The material is now taken out^ 
and the vegetable fibre, which crumbles to dust by friction, is mechanically 
removed Bisulphate of soda has recently been suggested for carbonismg in 
place of sulphuric acid, and is said to give very good results. 

Accordmg to another method, which is sometimes employed for rags in the 
production of shoddy or mungo, the material is exposed to the action of dry 
nydrochlonc acid gas in a revolvmg cylindrical cage which is contained m 
a cylmdncal cased iron vessel heated by steam to about 100“. 

Alummium chloride is also used for carbomsing. The action depends upon 

* A Soheurer, i/ownk 80 c. Dyers a/nd C7o?., 1893, p. 206 ; 1901, p. 166 

+ Ths DycTy 1902, p. 91. X Joum* 80 c, Dyers and OW., 1907. 

§ CroBB, Bevan, and Traqiiair [Joum, Soc Dyers and Ool., 1906, p. 192) mention that 
cotton boiled with glacial aoetio acid takes up 3 4 to 4*2 per cent. 

11 See also 0. 0. Weber, Jonm, Soc. Dyers and Ool., 1900, p. 7; and F. MarBden, ibtd.f 
1906, p 102 ; alBO B A.8 F., ibtd , 1906, p. 804 

IT English Patent No. 2,611, 190/, ** Joum. Soc. Dyers and C7o/., 1906, p. 193. 
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the fact that when an aqueous solution of alumimum chloride is evapoi’ated to* 
dryness, it is decomposed with the formation of hydrated alumina and free- 
hydrochlonc acid according to the equation • — 

AlOlg + 3 H 2 O = A1(0H)8 + 3HCL 

The liberated hydrochlond acid acts powerfully on the vegetable fibre 
which IS destroyed, as in carbomsmg with sulphuric acid The carbonising 
temperature for aluminium chloride is higher than for sulphuric acid. Mag-^ 
nesium chloride is also sometimes used for carbonising. 

Behaviour towards Alkalies. — The action of alkalies on cellulose is very 
different from that of acids. Alkaline carbonates, and the milder alkahes, 
such as soap, borax, phosphate of soda, (fee, have no action Nor has- 
ammonia, under ordinary circumstances, any effect on the cotton fibre. 
But if, according to L Yignon,* cotton is heated under pressure with 
strong aqueous ammonia, or with the compound of ammonia and calcium 
chloride, to 200“, a mtrogenous product is obtamed, which, although not 
differmg from the ongmal in external appearance, behaves towards the acid 
dyes like an animal fibre. 

Dilute caustic alkahes or lime do not affect the fibre if, during the opera- 
tion, air be excluded, but in presence of air, and at high temperatures, oxy- 
cell close is readily formed, and the fibre is tendered This circumstance la 
liable to give nse to faults m bleachmg, and care must, therefore, be taken 
when boilmg cotton goods with hme or alkali under pressure to exclude the 
air or to deprive it of its oxygen by means of some reducing agent Even 
at the ordinary temperature cotton containing caustic soda undergoes a- 
change of this kmd, and the oxidation seems to be the more rapid the more 
concentrated the alkah. 

Under the mfluence of concentrated caustic alkahes cotton is changed both 
physically and chemically. John Mercer, a Lancashire caheo printer, first 
noticed, as long ago as 1844, the action of these reagents on the cotton fibie, 
and to him we are chiefly mdebted for our knowledge of the subject.! 

The discovery was really the outcome of an experiment carried out by 
Mercer m connection with the theory of solution, his object being to effect 
a partial separation of different hydrates of caustic soda by filtering its solution 
through cotton For this purpose a filter was made, composed of six folds of 
strong bleached cotton cambric A solution of caustic soda at 60** Tw. poured 
into the filter was found to pass through very slowly, and the density of the 
filtrate was only 63° Tw. At the same time the cloth used for filtermg was 
found to have undergone an extraordinary change, havmg become semi- 
transparent, contiacted both m length and breadth, and tluckened or 
“fulled.” When strong caustic soda was spotted m bleached cambric it 
was noticed that the central portion of each spot (about the size of a shilling) 
became translucent and contracted, and this was surrounded by a rim which 
was neither contracted nor translucent, and evidently contained but little 
caustic soda 

It was only some years later that Mercer found an opportunity of resuming 
his study of what he called “ fulled cotton ” He found that the alkali could 
be removed by washmg in water, but that this required a much longer period 
than if tlie soda had merely been held mechamcilly. He concluded that 
a definite compound is formed with the alkah, which undergoes decomposition 
when brought mto contact with water, or with the carbomc acid of the 
air The compound formed by the alkah is represented by the formula 
OjgHooOio . Na^O, and is decomposed by water into a hydrated cellulose, 

* Complea lend/ns^ 1891, pp 487 and 623 

+ 77te Life and Lahoura cj John Mercer^ by E, A Parnell Longmans, Green & Co. 
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O^jHooOio . HgO, and caustic soda. * This latter formula nearly corresponds 
to the increase in weight (4*6 to 6*6 per cent ) which the treated cotton showed. 
At 100" this water of hydration is given off along with the hygroscopic 
moisture, but is taken up again when the fabric is exposed to the air. 

Two other changes brought about by the action of the alkali by far out- 
weighed in practical importance those already alluded to — viz., in the first 
place, increased tensile strength of the fctbnc, and, secondly, a considerable 
mcrease in its affinity for colouring matters— and these induced Mercer to take 
out a patent in 1850 for “ Improvements in the preparation of cotton and other 
fabrics and fibrous materials,” in the specification of which the process now 
generally known as mercerismg is fully described. 

Mercer obtained the best results by immersmg the cotton cloth (which had 
been previously bleached, without bemg boiled, in weak alkalme liquors) 'in 
caustic soda at 45" to 60" Tw , but mentions that the change is suffioientl;^ 
marked with ordinary bleach^ calico. The best results were obtained a1 
about 60° F., for, although weaker liquor could be used by resortmg to artificial 
coolmg, the material turned out stiffer and harder. At a boilmg temperature 
the effect could not be obtomed. The linear contraction was found to be from 
one-fifth to one-fourth, and it was possible thus to contract fine cotton doth 
containing 200 picks to the inch to 270 picks to the mch. Experiments made 
with regard to the increase m strength showed that a strip of cahco which 
required before treatment a weight of 13 lbs. to break, requii'ed, after treat- 
ment, no less than 22 lbs A bundle of threads which showed a breaking 
strain equal to 13 ozs before treatment, required, after treatment, 19 ozs. to 
rupture them 

'J'he increased affinity of mercerised cotton for the colourmg matters is 
especially striking m the case of the direct cotton colours. This can be readily 
observed by dyemg together two fents of bleached calico (one mercensed, 
the other not) in Benzopurpurm for example The colour produced on the 
mercensed pattern will be much fuller and deeper than on the ordinary calico. 
The moreased depth of shade thus obtamed is usually ascribed to the neater 
affimty of the mercerised cotton for the dyestuff. But if the dyeing is done in 
separate vessels with equal amounts of colourmg matter, there is, after takmg 
into account what dyestuff is left in solution in each case, a vast difference m 
favour of the mercensed cloth. No satisfactory explanation of this interesting 
fact has hitherto been brought forward. Mercensed cotton has also an 
mcreased affinity for tannin substances 

The caustic alkalies are not the only substances capable of brmging about 
the change in vegetable fibres known as mercerismg Thus sulphunc acid at 
105" Tw and chloride of zinc at 146" Tw are mentioned m Mercer^s original 
patent specification as exertmg a similar action to that of caustic soda. 
According to the same authority, calcium chloride solution at 90" to 100" Tw. 
also has some effect at 290° F. Phosphoric acid and hot stannous chloride, 
containing three equivalents of water, are also mentioned by him as producing 
the effect Nitric acid of 83° to 84° Tw. has a very similar action to caustic 
soda (see p. 28). Accordmg to Hubner and Pope,t a saturated solution of 
banum mercuric iodide also exerts an effect on cotton similar to that of caustic 
soda, but does not cause the loose fibre to untwist, as is the case with caustic 
soda and strong mtno acid. 

* Shortly after Mercer’s discovery beoanie known, Gladstone extracted cotton, whioh 
hod been treated with strong caustic potash, with alcohol, in order to remove excess of 
the reagent The fibre thus extracted gave up to water the whole of the potash m oom- 
bination, which was estimated and found to agree with the formula {CeHio05)sKOH ; m 
other words, it conlamed half as much alkah as Mercer’s product. 

+ Jmm Soc. Byers arid Ool,, 1903, p. 139. 
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The microflcopical appearance of the cotton fibre before and after mercer- 
ng was studied by Walter Crum.* By examinmg crossnaections of these 
ires he found that the action of the process was to cause the flattened fibre 
assume the round solid form of ripe cotton, while at the same time the 
ntral opening is decreased m size. He considered the contraction of the 
ercensed fabric to be due to the twisting of the fibre under the influence of 
e alkali The twisting of the fibre is also (according to Orum) much increased 
T mercensmg, and there is a consequent snortening of it sufficient to account 
r the shrmking in length and breadth and the thickening of any woven fabrfo 
ade to undergo the process. Diagonal Imes are sometimes seen m these ripe 
ercensed fibres, giving the impression of a spiral structure, but they are 
idently the creasing or corrugating effect of extreme twisting. 

Experiments carried out by Ohas. O^NeiU with individual fibres of New 
deans cotton t showed that by the action of caustic soda of 50“ Tw. the 
erage shrinkage produced wew 26 per cent., while the mdividual fibres gained 
mewhat under 12 per cent in strength 
The fact that a French Company offered Mercer the sum of forty thousand 
>unds for the purchase of his patent rights, is sufficiently mdicative of the 
iportanoe which was at the time attached to his discovery. But, in spite of 
3 advantages, the process was never, until recently, extensively used on the 
rge scale. This appears to have been principally due to the surface con- 
action, which was then considered to be inevitable , and which, by increasing 
e price of the material, did not suit the merchants and manufacturers, 
bout the year 1893 a process, originated by Mercer, of producing crimps on 
Jico either by printing on thickened caustic soda or first printing on a gum 
sist and after drying passing through caustic soda, was re-mtroduced. 
Tierever the caustic soda comes into contact with liie cotton the latter 
irinks, and a crimp effect results. 

Mercerising under Tension. — In 1889 H. A. Lowe X took out a patent for 
ercensmg cotton piece goods under tension, and this was supplemented by a 
dher patent in 1900. § In the specifications Lowe mentions that, m addition 
obtaining the recognised advantages of mercensmg (mcreased affinity for 
•louring matters, increased strength, (fee.), a peT^manent lustre is imparted to 
itton goods thus treated Lowe’s discovery did not receive at the time that 
cognition which it deserved, and, finding no encouragement, he allowed his 
itent rights to lapse. Messrs. Thomas and Prevost, who worked on similar 
aes with cotton yam (Egyptian), apparently m ignorance of Lowe’s previous 
ork, also recognised that a permanent lustre could thus be obtained, and took 
it a patent for the process m Germany |1 No sooner had this product been 
aced on the market than it aroused widespread mterest, and at once created 
demand. For some time mercerised yam held the monopoly, but it was 
ibsequently recognised that piece goods could also be treated (as described m 
owe’s patents) with results not indeed so striking as those obtamed on yarn, 
at, nevertheless, such os to produce a very material improvement m the 
ipearance of the goods The rapid increase m the demand for cotton 
lods mercerised under tension brought forth a flood of patented mventions 
ir slight modifications m the method of treatment, but more especially in 
)nnection with machinery for the treatment of yarns and piece goods, 
itigation with regard to the validity of Thomas and Prevost’s patent 
■suited m its being annulled m all countries where an action was tried, on 
le grounds of prior publication in Lowe’s patent specification, and the great 
ajonty of the subsidiary patents also fell or were allowed to lapse 

Ohem 5oc., 1863, p. 407 t Textile Colouriatt June, 1876 

t English Patent No. 20,314, 1889 § English Patent No. 4,462, 1900. 

II German Patent No. 86,564, 1896 
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Mercerising under tension can be earned out in two ways According to 
one, the cotton is stretched a httle beyond its onginal length, and while- in this 
condition * is immersed m, or saturated with, a strong solution of caustic soda 
(50“ to 70“ Tw.). Whilst still in the stretched condition the cotton is washed 
with water until the tension slackens. The goods are then removed from the 
machine, run through dilute sulphuno acid in order to neutralise the remaining 
caustic soda (which they would otherwise tenaciously withhold), and are then 
washed with water until free from acid According to the second process, the 
goods are immersed first in caustic soda (50“ to 70® Tw.) without tension, then 
stretched slightly beyond their onginal length, washed in this condition until 
slackening ensues, and then treated further as above One or other of these 
principles is adopted in all mercensing processes carried out on a large scale 
(see Part IX.). 

Cotton mercerised under tension exhibits varying degrees of lustre, 
according to the quality of the material and the structure of the ^am or 
cloth treated, but m all cases the lustre is permanent — i 6., it is not efiaced by 
washmg, bleaching, dyemg, &c The best lustre is alw^s obtained on twofold 
or multifold yams m^e from longngtapled Egyptian or Sea Island cotton, while 
yarn made from ordmary American cotton shows, as a rule, so httle improve- 
ment in its appearance that the treatment is scarcely worth while The same 
applies to single yarns, whatever kmd of cotton they may be made of, and this 
fact IS a great drawback to the manufacturer, amce he is obhged, m order to 
obtam the desired effects, to employ the much more expensive doubled yams 
where otherwise smgle yams might serve his purpose, t It is thus evident 
that a successful process for obtaining a permanent lustre on single yarns 
would be of great industrial importance. In mercerising piece goods, the 
structure of the cloth has considerable influence on the result Thus, a 
plain caheo shows but httle improvement, while face cloths, such as Italian 
linings or sateens, made from the same material may show, if well mercer- 
ised, a lustre almost equal to that of spun silk. 

The temperatiure at which mercensmg is effected is a question of consider- 
able importance This was known to Mercer, who recommended a temperature 
of 60“ P as the best for conducting the process Any nse m the temperature 
during the impregnation with caustic soda f above that of the atmosphere is 
deleterious to the result, while undue lowering of the temperature is apt to 
impart a harsh feel to the goods. At low temperatures, however, cotton can 
be mercensed with much less concentrated solutions of caustic soda than at the 
ordmary temperature Thomas and Prevost patented the application of 
artificiadly-cooled caustic soda for this purpose, and mamtamed that, at 0“ 0 , 
mercerising could be efficiently done with caustic soda of 15“ to 18“ Tw , a 
considerable saving in this material bemg thus effected For a tune, the low- 
temperature process aroused a considerable amount of mterest, and some 
mercerisers were induced to put down refrigeratmg plant for the purpose , but, 
to-day, refrigeration is seldom employed beyond that which is necessary for 
preventmg any undue rise in the temperature of the caustic soda. 

The strength of the caustic soda used m contmuous mercensing is generally 

* In oonsequenoe of the enormous force exerted by the oontraotmg fibres, it is necessary 
-that the stretomng apjaliancep should be strongly made 

t In order to obtain single yams of nieroensed cotton various attempts have been made 
to mercerise the cotton before spmning, but the prooesses suggested have met with very 
limited success In the process of Gros and Bouroart (Engbsh Patent No. 25,881, 1808), 
which has found some apphoation on the Urge scale, a sufficient amount of twist is mven 
to Egyptian shver to enable it to resist the tension in mercerising. It is then wound mto 
hanks, mercerised m the ordmary way, and then untwisted and spun as smgle yarn 

t Strong solutions of caustic soda when mixed with water produce a rise m temper- 
ature. 
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ken, in practice, at about 60“ Tw.; for, although Mercer found that the 
ocess was complete with a lye of 46® Tw., he pomted out that, in passing 
rough the bath, the cotton took out more caustic than that which cor- 
sponded to the liquor mechanically absorbed, and he even recommended 
at the caustic soda should be as strong as 65° Tw. at starting, but not weaker 
an 60“ Tw.* For cotton pieces containing worsted, the caustic soda is 
metimes taken of a strength of 80° Tw, 

Mention is made in Mercer’s and various other subsequent patent specifica- 
>ns of reagents other them caustio soda (caustic potajsh, sulphuric acid, zinc 
loride, &c ) for mercerising cotton. From a practical pomt of view, however, 
Bse reagents have little or no mterest, partly on account of their expense and 
rtly because they are less effective thw caustic soda. Some mterest attaches, 
leed, to nitric acid of 83“ Tw., which was shown by Elnecht not only to 
ercise an action similar to that of caustic soda m producing a lustre, but also 
increase the affinity of the treated cotton for dyestuffs to double that of 
jton mercerised with caustic soda. It is noteworthy that, if cotton is 
jrcensed with caustic potash of 60“ Tw., the contraction and increase in 
imty for colouring matters are only about one-half of that of cotton mercerised 
th caustic soda of the same specific graVity 

The time required for mercerising was recognised by Mercer t as being of 
ort duration-^.fl,, a few minutes Practical experience m the mercerising 
pieces has since shown that the time m which the change is brought about 
much less than a few minutes, and must, m fact, be measured by seconds, 
me experiments were earned out by Kneoht m this connection, by immersing 
aached Amencan cotton yam (without tension) for periods varying from 6 to 
0 seconds m caustic soda of 60“ Tw., and then plunging the skeins at once 
bo a large excess of cold dilute sulphunc add The skems (the weights of 
lich were ascertamed before mercerising) were then dyed m 1 per cent, 
mzopurpurm, and the colourmg matter estimated on the fibre and left in 
lution by titration with titanous chloride. 

Time. Shrinkage. Benzop^i^^^en up 


5 seconds 

15 7 per cent. 

3 24 per cent 

10 

17 4 

8 62 

20 

25 0 „ 

3 80 

40 

25 0 

3 89 „ 

60 

25 0 

3 91 

180 

27-4 

4 10 


From these figures it will be seen that, under the conditions, the greatei 
;rt of the reaction had taken place durmg the first five seconds 
A permanent lustre can also be obtained on cotton by various processes 
',thout tension, but none of these have been successful on a practical scale. 
lUB, Meister, Lucius, and Brumng J add for the purpose a strong solution 
silicate of soda to the caustic soda Bayer & Co.§ employ a mixture of 
volume glycerine to 2 volumes caustio soda. The mercerismg of loose cotton 
a-y also be effected by immersion in a hot solution of caustic soda at 80“ Tw , || 
it the process entails so much waste that it will not pay 
The mercerising of cotton fabrics on one side only by paddmg one side of 

*E. A Parnell, Life and Labours of John Mercer, o 183 t Xoc cit , p 183. 

t Bnghsh Patent No 10,784, 1807 § English Patent No. 27,050, 1897. 

j| See also Lowe, Enghsh Patent No 17,397» 1897. 
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the goods with strong caustic soda by means of an engraved steel cylinder is 
the subject of a patent of Tagliani,* but the process only finds employment 
for printed goods 

Ootton mercerised under tension is modified m its properties like cotton 
mei censed without tension, but not to the same extent From a practical 
pomt of view, the most important modification, next to the lustre, is the 
increase in depth of shade obtained in dyeing with a definite amount of colour- 
ing matter, compared with ordinary cotton dyed with the same percentage. 
A saving in dyestuff is thus experienced, amounting to some 26 to 30 per cent,, 
and IS especially noticeable in direct colours, sulphide colours, and colours hke 
Aniline black and Paranitranihne red, which are produced on the fibre The 
reason why mercerised cotton dyes so much darker than ordinary ootton with 
the same percentage of colour is not known. Possibly the removal of the 
cuticle m mercensmg has somethmg to do with it. 

Although the cause of the increased lustre of cotton mercerised under 
tension has been the object of several extensive mveatigationa,t in which 
different and, in some cases, antagonistic views are advanced, the explanation 
of the phenomenon is comparatively simple if we take into account the follow- 
ing facts : — ^When viewed under the microscope in reflected light the irregular 
surface of the cotton fibre is seen, at the pomts at which the light is reflected, 
to exhibit a strong lustre, and the same holds good for cotton which has been 
mercerised without tension. In yam, however, but more especially in the 
piece, this lustre is not apparent, because the irregular reflectmg surfaces of 
the fibres disperse the reflected hght m every direction, and the impression 
produced in the eye is that of a dull or lustreless surface. The same holds 
good for cotton mercerised without tension. But if a large proportion of the 
fibres m a piece of calico are caused to lie in the same plane — e g , by passing 
tihe piece through a heated calender, a lustrous or glazed surface results. The 
effect IS not permanent because the fibres have not been set by the treatment, 
and on being moistened with water resume their previous irregular positions, 
which results in the disappearance of the lustre. But if cotton yarn is mer- 
cerised under tension, it acquires, while saturated with the caustic soda^ a 
gelatmous, and to some extent plastic, condition, so that the fibres, while 
becoming rounded and more translucent (and in this respect more hke silk 
in structure), are drawn out and stretched, and become set in this position by 
the subsequent washing We have consequently m the finished yarn a large 
proportion of stretched and straightened fibres, with a more or less round 
section lying parallel to each other, as in the case of spun silk, so that the 
inherent lustre of the fibre becomes visible to the naked eye. 

It IS frequently desirable to ascertain whether a cotton fabric has been 
mercerised or not, and although under ordinary conditions this would not 
seem to be a difficult problem, cases frequently arise, especially in Anihne 
blacks, in which the question can only be definitely decided by those who have 
gained considerable experience in such examinations In case the fibre is not 
coloured it might be dyed along with somejordinary cotton of about the same 
quality in a dyestuff like Benzopurpunn, when an increased depth of shade 
would be a fairly sure indication that the sample had been mercerised. If the 
sample has been previously dyed it will be necessary, before carrying out the 
comparative dye-tnal, to strip the colour, and this may be effected, as a rule, 
by treatment with acid or alkali, or with bleaching powder, or a reducmg 
agent like titanous chloride, or hydrosulphite of soda. By carrying out 

* Eugliah Patent No. 6,249, 1899 

+ H Lango, Fdrh&i' Ztg , 1896-96, p. 441, and 1898, pp. 197 and 234; E Hanausek, 
Jhngl Polyt Joum , vol oocvi. (1897), p 19, and vol, coovii. (1898), p 180; Htlbner and 
Pope, Joum Soc. Ohm,. Ivd , 1 904, p. 404. 
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lantitatiye dye-trials and estimating the relative amounts of colour which 
) on to the ordinary cotton, mercerised cotton, and the sample by titration 
ith'titanous chloride, it is even possible to ascertain roughly the strength 
the caustic soda which has been used in mercerising 

Lange’s test is also useful in detectmg mercerised cotton, and is based upon 
le fact that when ordinary and mercerised cotton are steeped for a few 
mutes in a solution of lodme in potassium iodide and zmc chloride, they 
Dth turn blue, but on washing with water, the former is decolourised, while 
L the latter the blue coloui* persists. For preparing the reagent,* the 
dlowing two solutions are prepared : — 

Solution No. 1. 

6 ptB. potassium iodide are dissolved in 
16 „ water, and 

1 to 2 ,, iodine are added, and allowed to dissolve. 

Solution No 2 

25 ptfl zmo ohlonde are dissolved in 
12 ,, water. 

lolution No 2 is stirred mto solution No. 1 until iodine begins to separate, 
iiter allowing to settle, the clear dark brown solution is decanted from the 
ediment ' 

In carrymg out the test, the sample to be examined should be immersed in 
he reagent without being wetted with water. Any samples which have been 
aken out of the reagent should at once be transrerred to a beaker or dish 
ontaimng distilled water and must not be exposed to the air. It is also of 
mportance that the washmg must not be conducted in running water 

In the case of Aniline blacks, the best means of examming the material is 
he microscope, and it is here that considerable experience is found to be 
lecessary if a reliable result is to be arrived at. 

Viscose. — If alkah cellulose — cotton or some other form of cellulose 
vhich has been impregnated with caustic soda of 60® to 70® Tw and then 
vrung or squeezed (without washing) — is exposed for some hours to the action 
)f bisulphide of carbon vapour, a new cellulose compound is formed, which 
irobably consists of a xanthate of cellulose, and to which the discoverers 
Messrs. Gross, Bevan, and Beadle) have given the name viscose t The product 
B soluble m water, with which it forms a viscous solution from which the 
viscose can be precipitated by the addition of common salt or of alcohol 
Acids added to the aqueous solution precipitate the cellulose In dyeing, 
viscose finds a limited application for book doth, but is used sometimes as a 
filhng for cotton goods, m calico printing, the manufacture of high-class wall 
papers, and in the production of viscose silk (see Ariijicial Fibres) 

Behaviour towards Reducing and Oxidismg Agents . — Beducxug agents appear 
have little or no action on cellulose, but energetic oxfuiising agents (like 
chromic acid, permanganate of potash, chlorine, chloride of lime, air in presence 
of alkahes, &c) readily convert it into oxyeellulose^ a product first desciibed 
by Witz.J The moat striking property of oxycellulose is its affinity for the 
basic colouring matters, with which it can be dyed without the intervention 
of a mordant The formation of this interesting product can be readily 
demonstrated by printing calico with a moderately concentrated thickened 
solution of ohlonde of lime, washing the material well after some time, and 

* See also Jonm Soc Dyers and QcH , 1890, p 260 
t Joum Soc, Chem, Ind , 1893, p 498 ; 1894, p 900. 
t BvU, de Rouen, 1882, p 416 ; 1883, p. 169. 
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then dyeing in a cold solution of Methylene blue. The printed portions will 
be more or less of a dark blue, according to the duration of the action, while 
the untouched parts will only be tinted. 

Oxycellulose may also be readily prepared by steeping cotton for some time 
in strong (12* Tw ) bleaching powder solutaon, or by heating the material m a 
solution of permanganate of potash until it has acquired a dark brown colour, 
and then decolounsmg with bisulphite. Steeping in a strong solution of 
bichromate, acidulated with 1 to 2 molecules of sulphurio acid, likewise pro- 
duces oxycellulose. Its formation is invariably attended by a decrease m the 
tensile strength of the fibre, which, in the case of acia oxidismg agents, 
becomes more marked by a subsequent alkaline treatment. Consequently 
the formation of oxycellulose finds no practical apphcationj on the contrary, 
it IS a thing to be avoided. Oxycellulose is not only formed by the specific 
oxidising agents alluded to, but in many other ways, and m some cases where 
one would hardly expect it Thus, Witz showed that it is formed by the ]omt 
action of light and air on cotton fabrics, and this is especially noticeable in 
blinds and window ourtams Bleached cahco exposed to direct sunlight for a 
period of two or three months during the summer is found to be appreciably 
tendered, and to have acquired an affinity for Methylene blue. Cotton con- 
taining caustic alkali or free lime may be tendered for the same reason when 
exposed to the air even at the ordinary temperature, but at high temperatures 
(as in the kier) the tendenng is much more mai’ked. Again, a partial conver- 
sion of the fibre into oxycellulose invariably takes place m bleaching with 
hypochlorites, and this becomes marked when the strength of the bleaching 
hquor exceeds T Tw. The formation of oxycellulose m Koechlin’s method of 
discharging indigo in calico printing (printing on thickened chromate of potash, 
and then passing through a mixture of sulphuno and oxalic acids) is the most 
serious drawback to this process. According to Prudhomme,* oxycellulose is 
formed when cotton is boiled with peroxide of hydrogen and magnesia, while, 
under the same conditions, mercerised cotton is more strongly attacked. By 
the presence of metalhc oxides the action is increased This was corroborated 
by Ehecht,! who showed that cotton mordanted with chromic oxide, when 
warmed with peroxide of hydrogen and ammonia to remove the chromium as 
chromate, became tendered through formation of oxycellulose, also by W. 
Thomson, X who, in examining some pieces which had been tendered in 
places in chemicking, found that the tendered portions contained copper. 
Metals themselves in presence of hypochlorous acid or hypochlorites may 
produce similar effects § 

With legard to the chemical composition of oxycellulose, little of a definite 
character can be stated here Some suppose that there are different oxy- 
celluloses, which are the result of employing different oxidising agents on 
cellulose Others again maintain that cellulose cannot be completely converted 
into oxycellulose. Thus, Faber and ToUens || assume that what we ordmarily 
call oxycellulose is a combination of a substance to which they give the name 
celloxm, of the formula OqHiqOq (or OgHgOg) with cellulose The celloxin 
itself has not been isolated , it cannot be extracted by alkalies, as it is decom 
posed thereby into isosaccharic acid and dioxybutyno acid. Nastjukoff^ 
asci’ibes the formula CgH^gOg to oxycellulose, accordmg to which it would be 
cellulose with one atom of oxygen added to the molecule Bumcke anc 
Wolffenstein** prepared oxycellulose by the prolonged action of a sti’onf 

* Momteur 8c%efrU\f , 1891, p 677 

t Jounu Soc Dyers and Coi , 1897, p. 109 t Ib%d,i p. 131. 

§ A D White, Jonm Soc Dyers and Ool , 1903, p, 229. 

11 Joum, Soc Dyers and Col , 1899, p 269. 

^ Bvll de Mulhouse, 1892, p. 493 * " 

* * Joum Soc Dyers amd CW., 1899, p. 269. 
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olution of hydrogen peroxide on oellnlose. To Ihe product 0iu8 obtained 
hey gave the name hydralcelluloae. This body is converted by caustic 
Jkalies, in accordance with its aldehydio properties, into the correspon^g 
ilcohol (cellulose) and the acid (acid cellulose), which latter passes ifejo 
lolution, and can be thrown out again by the addition of an acid 

Oxycellulose forms a white amorphous powder, which evinces a strong 
affinity for basic colouring matters According to L Vignon,* * * § it will take 
ip as much as 0*6 per cent. Methylene blue, and 0‘7 per cent Safranine, 
Jmereas ordinary cellulose takes up only 0*2 per cent- Methylene blue (1). It 
dso evinces a marked affinity for certain metalho hydrates Thus it 19 capable 
if decomposing neutral solutions of aluminium and iron salts with the fixation 
if the corresponding hydrates, whose presence can be shown by dyeing in 
nordant colours like Alizarin- Stannous chloride, copper sulphate, cadmium 
md lead nitrates are similarly decomposed. On the other hand, it was found 
by Sagett that oxycellulose possess^ a decreased affinity for the acid and 
pnonol-hke dyestuffs, notably Diamine blue and Enka B. Where colouring 
matters of thia class have to be used in dyeing, the operation of bleaching 
with chloride of hme should consequently be omitted where practicable. 
With sulphide colours it dyes like ordinary cellulose Of other properties 
of oxycellulose the following are characteristic : — It partly dissolves m caustic 
alkalies with a golden yellow colour, but if the amount present in the fibre 
Ls only small, the action only amounts to a tendering of the fabric. Its 
increased affinity for colouring matters and mordants is not destroyed either 
by washmg with water, alcohol, alkalies, or acids, or by oxidising or reducing 
agents Warmed with Fehling’s solution, it reduces the lat ter with the foimar 
tion of thfev d^aractenstic red precipitate of cuprous oxide. When heated with 
hydrochloric acid it yields furfurol (Gross, Bevan, and Beadle). Its aldehydic 
character is further shown by its bebaviour towards SchifiPs reagent (Magenta 
decolourised by sulphurous acid), with which it yields a deep violet colouration. 
Phenylhydrazme colours it a deep yellow. 

It should be borne in mind that^ most of these reactions apply to a highly 
oxidised cellulose, and many of them are not shown by cotton which has been 
but sbghtly converted into oxycellulose. The most delicate is the one ongm- 
ally suggested by Witz — ^viz , dyeing m a cold, dilute solution of Methylene blue. 

Behaviour towards Mordants and Colouring Matters. — ^The cotton fibre h^ 
httle 01? no affimty for ordinary metallic salts;!!: but when they are present in 
solution in a very basic condition, it is sometimes capable of decomposing them 
and loosely fixing the metaUic hydroxides. Advantage is taken of this method 
of mordanting, especially in printing, the material bemg first padded or printed 
with a solution of some decompos^le salts, Jike the acetates, and then aged. 
Thus if calico is padded in a solution of aluminium acetate, the alumina would 
be precipitated on the fibre in ageing, according to the equation — 


Al(0gH302)8 3H3O — A1(0B)3 + SG^H^Oj 

The only mordants which appear to have a direct* affimty for the cotton 
fibre are the tanmns (g^.v,), and these are used m considerable quantities in 
cotton dyeing 

TJp to the year 1884, the only dyes for which cotton showed a diiect 
affinity were indigo, turmeno, safflower, and annatto Some of the basic dyes, 
such as Safranine and Methyl violet, have, indeed, a slight affimty for cotton, § 
and are used (when fastness is not a desideratum) for the production of light 


* Comptes reiidwt, 1897, p 448 t Joum, 80c, Dyers and Col , 1892, p 20(5 

t Lead forms an exception, being readily taken up by cotton from solutions of the 

acetate, the basic acetate or alkaline lead eolations. 

§ Compare R Haller, Joum Soc, Dyers and <7o'., June, 1907. 
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shades without the intervention of a mordant. But with the discovery of 
Congo red by Bottiger in 1884, the practice of cotton dyeing may be said to 
have entered upon a new era. The discovery of this new product was 
rapidly followed by numbers of others, commercially known as “benzidine 
dyes,” “diamme dyes,” “salt dyes,” or “direct cotton dyes,” with which we 
are at the present time able to produce almost any shade, except bright violets 
and bright greens. The majority of the direct cotton dyes are applied m an 
alkaline batL The sulphide colours also evmce a direct affinity for the cotton 

Behaviour towards Micro-organisms and Ferments. — Cei-tain micro- 
organisms completely destroy cellulose. Of the enzymes cytase has a similar 
action. Human sahva also appears to have the property of modifying the 
properties of cellulose, imparting to it an increased affinity for direct colours.* 


PXjAX, linen (Qeb FIclcKs^ Levrt&ifhj Fa., JjvrC)» 

Lmen, which is the product of the flax plant, ranks next to cotton in 
importance among the vegetable fibres The flax plant moat generally 
cultivated is the Lvnum imtatissimvm Flax thhves best m a temperate 
climate. The seeds are sown either in spring or in summer, the former 
yielding the finer quality 

In consequence of the tenacity with which the bast fibres of flax adhere 
to the woody portion of the stem, its separation is tedious and involves several 
operations The first of these is the rettmg, the action of which depends upon 
a process of fermentation It may be earned out m vanous ways,^ viz. : — 

By steeping m stagnant water ; "" 

(2) By steeping m runnmg water , 

(31 By exposure on fields (dew rettmg) j 
(4) By artificial means. 

1 Rettmg m stagnemt water is carried out chiefly in Russia and Ireland. 
It consists m steepmg the flax m ponds or pits, from which the water can be 
let off when desired The fermentation which takes place is accompanied 
by the formation of much soluble organic matter, and also by an intensely 
disagreeable smell. If care is not taken the fermentation is liable to become 
excessive and the fibre is weakened by overretting The water used for this 
kmd of retting should be soft, hard water being unsuitable The rettmg is 
completed by exposing the flax m fields to atmospheric action for a week or so, 
a process which is known as grassing. Flax rett^ m this manner is of a dark 
colour. 

2 The process of retting hy steepmg m rv/nnvng water is earned out 
prmcipally m France, Belgium, and Holland The flax is packed in large 
wooden crates and immersed m the runnmg water The fermentation sets m 
after a few d^s, when the flax is taken out, allowed to dry, and returned to 
the crates The duration of the process vanes from 10 to 20 days. Flax 
retted m runnmg water is of a much hghter colour than that retted m 
stagnant water 

3 Dew rettmg consists m exposmg the flax m a moist state in fields for 
periods extendmg to 10 weeks The same kmd of fermentation ensues as m 
the precedmg process Dew rettmg is used largely m Russia and Germany 

4. Of the numerous processes which have been brought forward from time 
to time with the object of rettmg hy artificial meam, none appear to have met 
with complete success One of the simplest — viz., that of R. Baur — consists m 

*Kiieoht, Joum 80 c, By ere and C7o?., 1006, p. 180. 
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first treating the flsix for an hour with water acidulated with sulphuric acid 
and heated to 100" C. The pectic acid, which is thus converted on the fibre 
into a gelatinous condition, is then removed by treatment with a warm soda 
solution 

Accoiding to Beijerinok and van Delden,* the retting of flax involves 
essentially a fermentation of the pectose in the layers of cells above and 
below the system of bast fibres, whereby the latter are loosened. The 
specific bacterium which brings about this change in “ water retting ” is the 
Orcmulobacter peoUnovorum^ which excretes the enzyme pectosinase, and this 
in turn acts on the pectoses after the manner of a hydrolysing acid, converting 
them first into pectin and then later into sugars (probably galactose and 
xylose, but perhaps in some cases also glucose and arabmose). These undergo 
further fermentation with the production of hydrogen, carbon dioxide, and a 
little butyric acid In “dew retting,” the active agents are, according to 
Behrens, mould fungi. But certain aerobic bacteria, notably of the species of 
the group of hay bacilli (also known as potato bacilli), are hkewise capable of 
effecting the retting of flax with full exposure to the air. In the case of the 
hay bacilli the sugars produced are not further fermented. The same authors 
find that the active retting bacteria are favoured by removing the soluble 
matters of the flax stems by changes of water m the early stages of retting 
From their researches on the subject, Beijerinck and van Delden recom- 
mend water retting in vats as the beat practical process for the retting of flax. 
The flax is packed tightly in deep wooden vats provided with false bottoms. 
The quantity and temperature of the water can be thus controlled, and the 
water can be discharged for the purpose of aerating the goods and removing 
the lactic and other bacteria. The first steep-water contammg the soluble 
matters should be discharged after twenty-four hours. The second steep 
should consist of a mixture of fresh water and good retting liquor from a 
previous operation. This may be replaced on the third day by fresh water 
since the true retting bacteria will then have become established 

The quality and the chemical composition of the flax vary considerably, 
according to the process used in retting. Thus, a flax retted by the Belgian 
piocess contained 82 5 per cent of cellulose, and 7 6 of sugar, while one 
obtained by retting in warm water was found to contain 88 to 89 per cent, of 
cellulose, and only 1 to 2 per cent of sugar 

After retting, the flax is subjected to several mechanical operations, the 
object of which is to remove the woody portions of the stem as completely as 
possible. 

The first of these operations is the hreahmg^ by which the woody portion 
of the stem is broken up so as to faoihtate its removal in the next operation. 
Breaking may either be done by hand with the help of a simple contrivance, or 
by passing the stalks through a pair of fluted rollers 

In the next operation, that of scutohmg, the particles of wood are beaten 
out either by hand or by machinery 

Next comes the process of hecldmg^ the object of which is to lay the fibres 
parallel. This is effected by drawmg the flax in bundles, first through coaise 
combs, then through finer and finer combs, until it is in a suitable condition 
for being spun The combed or heckled flax is techmcally known a.s Jlax~hne, 
The waste is technically known as tow. 

Composition and Structure. — Although consisting, like cotton, essentially of 
cellulose, linen differs materially from the latter fibre m its physical properties 
As they occur in the raw materifiCl, the individual or ultimate fibres are 
gummed tenaciously together, but by treatment with dilute chromic acid they 
can be separated Under the microscope, these individual fibres are seen m 
* M%ith Kgl ATcad, ffisserwcA., Amsterdam, 1903, p. 673. 
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th^ form of long cjflindrical vessels which terminate conically at each end. 
The cell walls are v-^ tlnck, the lumen is so small as to be indicated only 
by a thin black line. ^ The m^an l^gth of the ultimate flax fibre is 20 to 40 
mm., the breadth ranging from 0 012 to/ 0 026 mm., but generally the latter 
remams within the Imits of 0*015 to 0*017 mm. ^ 

Plax IS a bettei: conductor of heat than cotton, and this is the rea^dKy^y 
linen articles are colde? to the touch than cotton. Besides, linen Is 
and more durable than cotton, and possesses a peculiar lustre. Air-driect tmen 
contaaha 6 to 8 per cent, of hygroscopic moisture. As m the case of cotton, the 
strength of linen fabncs is increased by raising the percentage of moisture, and 
vice verad.* 

XJhenucally, linen consists essentially of cellulose, but the amount of 
impurities contained in the raw flax is much greater than in raw cotton, 
varymg from 15 to 30 per cent, by weight In Schweizer’s reagent, linen 
dissolves readily. Sulphuric acid and lodme colour it blue, sulphate of 
aniline has no action. 

Towards chemical reagents generally, hnen behaves hke cotton In 
bleaching it requires a longer and more comphcated treatment, owmg to 
the difficulty of removing fiie large amount of pectic and other substances 
which the raw fibre contains 

Towards the dyes and mordants, linen also behaves like cotton , but it is 
more difficult to dye than the latter This difference is possibly due to the 
difference in the physical structure of the two fibres, according to another 
view, it is due to ■the presence of pectic substances in the Imen 

Cov/nta . — ^In hnen yam the counts indicate the number of leas to the 
pound. A lea consists of 300 yards 


HEMP (Gee., Ecmf ; Fb , ChamAyre). 

This fibre is the bast of the hemp plant, Gcmnaibia aativa, which is culti- 
vated in most temperate climates The treatment of the hemp stalks is quite 
similar to that of flax, and includes nppling, rettmg, breakmg, scutchmg, and 
heckling Hemp is used principally for the manufacture of ropes, canvas, and 
sackmg, for which purposes the fibre is eminently suited on account of its 
tenacity and the fact that it does not easily rot under water. It is seldom 
bleach^ or dyed , for, although this is possible, the fibre is too coarse to 
compare favourably wilii hnen. 

The ultimate fibres of hemp resemble those of hnen m their appearance 
under the microscope, and have a diameter of 0 015 to 0*021 mm The raw 
hemp fibre contains about 70 per cent, of pure fibre, the rest consisting of 
lignified or mcrustaceous substances, wax, extractive matter, hygroscopic 
moisture, and ash 

JUTE. 

Jute IS the product of different species of Corchorus, plants indigenous to 
India. The most important species is the Corchorua cctpaulains, which k 
cultivated largely in most of the tropical climates of Asia. 

When puUed the plants are stripped of their leaves, twigs, and fruit 
capsules, and are left lying for a few days in sluggish streams. This simple 
rettmg suffices to cause the bark to part from the stem, when it is stnpped, 
rmsed in water, and dried m the air. The fibre thus obtained is very clean 
and comparatively pure It comes into this country in the form of bundles. 
The length of the raw fibre is from to 2J yards About a foot of the 

* See also Jcmm, Soc. Dyers and 061, ^ 1893, p. 203 
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bottom ends is cut o£F, and forms, as ]ute butts or jute cuttings, a yatuable 
material for paper-making The rest, after having been softened with *n 
eiAulsion of oil m soap, is heckled and spun. 

®ie ultimate jute fibres, which can be readily isolated from each other by 
of caustic potash or dilute chromic acid, consist of bast cells, which 
length from 0*8 to 4*1 mm , and m diameter from 0 01 to 0 032 mm. 
Tkpl^pansverse section of these cells usually appears pentagonal or hexagonal, 
the &men varying in size, from a large internal opening to a mere speck 

Jute differs considerably from the vegetable fibres hitherto considered, m 
its chemical composition and properties. It contains no free cellulose, but 
consists, according to Gross and Bevan, of a chemical combination of bastose 
and cellulose, to which these authors have given the name of Corohorohaatoae, 
This substance shows the reactions of hgnified tissue , it is coloured an intense 
brown by sulphuric acid and iodine, and a dark golden yellow by sulphate of 
aniline. If treated with chlorine and then wii£ sulpmte of soda, the jute 
fibre is coloured a beautiful crimson ; tanned cotton behaves in a similar 
manner. Jute absorbs chlorme and bromine with avidity, and becomes 
chemically changed ; the ordmary process of bleaching with chloride of hme ^ 
IS, therefore, not well suited for this fibre. By heatmg with bisidphite of soda 
under pressure the tendency of the fibre to rot is considerably lessened, and 
it is also thus rendered less liable to become discoloured. 

Action of Water. — ^According to J. R Appleyard, both bleached and un- 
bleached jute yam lose weight when boiled m water, and, at the same time, 
a shrinkage and slight tendermg are noticed. 

According to the same authority, boihng for sixty mmutes with 3 per cent, 
of its weight of sulphuric acid shghtly tenders the yam, and, further, has the 
effect of causing each fibre to become more brittle, thus detenoratmg the 
quality of the material. Alum has little or no deleterious effect on the 
fibre, and is, therefore, recommended as an assistant m dyemg in place of 
sulphuric acid. 

After treatment with sulphuric acid the bleached yarn has a more glossy 
and silky appearance, whilst riie unbleached yarn is turned more of a pink 
colour.* 

According to Cross and Bevan, when jute is treated with 5 per cent, 
sulphuric acid, at a temperature of 80“ to C., it is slowly acted upon with 
the production of a body, soluble in alcohol, which is also a carbohydrate 

In dyeing, jute distmguishea itself hj its natural affinity for the basic 
and some of l^ie acid colouring matters. It is used largely in the manufacture 
of carpets, matting, sack-cloth, (See. 

Counts , — For jute yam, the counts are the same as for linen. 

OHINAGBASS (Gee., Nessd, Fe., Rcmie), 

This fibre, also known under the name of Rhea or Ramie, is the bast 
fibre of a kmd of nettle, botamcally known as Boehmena mvea^ which is 
largely cultivated m China, India, and other countries. 

The great difficulty m the production of this fibre hes m the fact that no 
entirely satisfactory method has hitherto been devised for separating the bast 
from liie stem and bark The process of rettmg as earned out with flax, 
hemp, and jute is not suitable, since, after a very short tune, the bast is so 
completely separated mto its ultimate fibres that the latter cannot be recovered 
coherently, but become so entangled with the other portions of the stem that 
their subsequent separation is practically impossible 

The usual process adopted is to separate the bast from the stems while the 
latter are still green. This can be readily effected by hand or by machme. 
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In that constructed for this purpose by Messrs Death & Ellwood of Leicester, 
the green stems are pushed against a revolying beater which breaks the 
■woody part of the stem. The removal of the broken wood and the washing 
of the raw fibre are effected by means of a powerful jet of water. 

After standing for some time the fibre becomes so firmly attached to „ the 
woody portion of the stem that it cannot be completely detached, and, 
is almost inevitable m hot climates like India, various remedies have^Men 
recommended to counteract ■fchis e'vil Accordmg to Fa-vner the fibre may be 
readily separated from the dried stems by steaming them for 16 to 30 minutes 
in wooden boxes. Sansone recommends the treatment of the dried stems for 
20 to 30 minutes in a boilmg solution of carbonate of soda or of caustic soda, 
or the storing of the green stems m pits containmg a solution of bisulphite 
of soda or sulphurous acid by which fermentation is prevented. 

The individual fibres of the Qhinagrasa obtamed from Boehmeria mvea, 
possess a maximum length of 22 centimetres and a diameter which varies from 
0*04: to 0’08 millimetre The raw fibre contains, accordmg to Hugo Muller, 
78 per cent of cellulose and 6 per cent of mtracellular substances and pectic 
matter In the purified state the Chinagrass fibre is characterised by its 
beautiful silk-like gloss, which is superior to that of Imen For the basic 
colouring matter it exhibits a slight affinity. Although easy to bleach, it is 
difficult to dye it m full bright shades without injurmg the characteristic 
lustre of the fibre. 


OTHER VEGETABLE FIBRES. 

The most important vegetable fibres have already been mentioned; but 
a host of others are known, only a few of which are used in this country. The 
most important are ; — Manilla hemp, Sunn hemp, Sida fibre, New Zealand flax, 
and the fibres obtamed from the leaves of the aloe, the agave, the banana, the 
palm, and the fibrous material which surrounds the cocoa nut. As these fibi*es 
ore seldom dyed, they ■will not be further considered m this work. 


THE ANIMAL FIBRES, 

WOOL (Gbr,, FTolle; Fr , Laim^) 

The hairs of the mammalia are cylmdrical or comcal shaped, homy, cellular 
structures Each hair consists of a shaft and a bulb The shaft is that 
portion which appeai-s above the surface of the skin If traced to the skin, 
it IB found to be rooted m a foUicle in the true skin, or even m the connective 
or cellular tissue beneath it At ■fche lower extremity of the follicle there is 
a small wart-like elevation, the hair papilla, from which the hair derives its 
nourishment. Each hair is connected ■with two or more outicular glands which 
supply the foUicle ■with fatty matter, serving to preserve the pliabihty of the 
hair, to protect it from outside influences, and to lubricate the epidermis 
Down, wool, fur, bristles, &c, are all modifications of hair, differmg from it 
only in their pliabihty, length, diameter, &c 

As a rule, hairs consist of three distinct tissues ; the middle one is known 
as the meduUa, which is surrounded by the cortex, a layer of homy substance, 
and this agam by the outer or epithelial cells. One or other of these tissues 
may, however, be absent , thus, m down, the medulla is almost always absent, 
and the same frequently applies to bristles. In other cases the epithelial 
scales are sometimes rubbed o£^ and if the medulla is strongly developed, the 
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■cortex is scarcely recognisable The tenacity of a hair is in an inverse ratio to 
the relative thidcness of the medulla ; the greater the latter, the piore brittle 
the hair. The tenacity and elasticity of hair depends chiefly on the relative 
amount of cortex and on the uniform structure of this constituent The 
epithelial scales may either he flat against each other, or may cover each other 

the scales of a flsh or the slates on a roof 

Strictly [meakmg, wool is the hair of the sheep, but the hair of certain 
goats — eg, Cashmere and Mohair — and of the camel are generally classed 
under the same category 

Some naturalists assume that there are only three original species of 

ahe^j VIZ : — 

The 0vi8 cMrnnon or argali, the wild sheep of Asia and America , the Ovis 
musmon, indigenous to the south of Europe and the northern parts of AJ nca ; 
and the Ovis a/nes, or domestic sheep, which is the principal Enghsh variety. 

From an industrial point of view, Archer distinguishes no less than 32 
different varieties, of which 4 belong to Europe, 16 to Asia^ 11 to Airica, and 
2 to America. All these varieties give nse to different qualities of wool, 
which areidistinguiahed from each other by the length, fineness, strength, ' 
elasticity, colour, curl, &c,, of the fibres. The wool not only vanes in quahty ^ 
with different animals, but also on one and the same individual. The best is 
that from the shoulders, the lower part of the neck, the back, and the upper 
part of the sides, while that which covers the head, tail, belly, and legs is 
of an inferior quality The separation of the various qualities of wool from 
each fleece can only be done by hand, and the operation is known as wool- 
porting. 

The diameter of the wool fibre is, as a rule, proportional to its length — 

% e , the shorter the stouple, the finer the fibre and mce versd The dyer usually 
•distinguishes between the coarse and long-stapled Ivptre wools, most of which 
Are pioduced m this country; and the finer mermo wools, which are imported 
pnncipally from Austraha and the Cape, and go under the general name of 
Botany wooL Gross-bred wool, which is the product of the cross-bred sheep 
(Enghsh and merino), is largely imported from the Argentine Repubho, and 
possesses properties which are intermediate between those of Botany and 
lustre wools In addition to these, the following may be specially mentioned — 

The Gaahmere wool of India, which is the produce of a goat which abounds 
in the mountains of Thibet The hair of this animal sometimes reaches 18 
inches in length. 

Mohavr, which is the wool of the Angora goat, is imported into this country 
•chiefly from Turkey and the Cape. Mohair is characterised by its striking 
lustre. 

Alpaca, the hair of an animal which belongs to a genus of which the Llama 
is the best known Closely alhed to this is the so-called wool, of which, 

however, only very small quantities are available. 

GameVs Havr , — The camels, which abound as domestic animals in many 
hot chmates (especially in the northern parts of Africa), cast their hair 
periodically , this is coUeoted, and comes mto the market as a textile material. 

Fur consists prmcipally of the hair of the hare and the rabbit, and is 
■extensively employed m the manufacture of better class felt hats 

The wool of diseased sheep, or such as have died from disease, is of inferior 
quality to that taken from the livmg animal. It also behaves differently in 
dyemg Bose gives an interestmg account of an experiment earned out by 
Iiim with bhe wool of three Bambouillet sheep, all of the same age and race. 
The first was in robust health, the second diseased, while the third had died 
cf disease. Each fleece was washed separately and spun into yarn The 
yam was made up mto hanks and dyed at the Gobelins in three shades, viz , 
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“blue, red, and yellow. The colours of the hankd made from the wool of the 
healthy sheep were bnghi^ of the diseased sheep of a hghter shade, and 
those from the dead sheep dull. In dyeing each colour, aJl three samples 
were dyed in the same bath. 

The wool from slaughtered sheep, if removed from the skin by cutting, 
IS not inferior m quality to that shorn from the living animal Bift i&e 
usual process for removing the wool from the skins is to steep the latter for 
a time in lime water or dilute solution of sodium sulphide. This causes the 
fibres to become so loosened at their roots that they can be readily removed. 
The wool obtained in this manner is generally known as “ pulled wool,” and is 
inferior m quality to that obtained from the livmg animal. 

Wool comes mto the market m different conditions j some has been washed 
on the sheep's back before the chp, but the greater portion of what is offered 
for sale is “ m the grease ” In either case it must be washed or scoured 
before it can be further dealt with. 

According to its length of staple, wool generally is divided into long- 
stapled and short-stapled qualities In the process of combmg, to whim 
most wools are subjected after being sorted and washed, before being spun, 
these fibres are separated. The long-stapled fibres (exceeding inches in 
length) are usually made up into ixyp^ {slubhyng), and are spun, with me addition 
of about 2 per cent of olive oil (English system), on ring- or cap-spinning 
frames, or, on the other hand, without the addition of oil, on mules (French 
system), into worsted ya/rn,* the shorter fibres^ the so-called rwiU^ are carded 
and spun on mule spinning frames into woollen ya/m Worsted yarn is used 
principally m the manufacture of worsted coatings and trouserings, braid, 
ladies' dress goods, tkc , which require httle or no milling. Woollen yam, on 
the other hand, is used principally m the manufacture of goods which are 
subsequently milled for the purpose of producmg to a greater or less degree 
a felting of the fibres In worsted yarn, the fibres lie more or less parallel 
to each other, and the diameter of the yam does not vary much, while in 
woollen yarn, the fibres lie pretty well in all directions, and the diameter of 
the yam is very irregular 

Cownts — In worsted and Mohair yams, the counts indicate the number 
of hanks of 660 yards each to the pound 

For woollen yams they are different In Yorkshire, the counts are 
generally the number of yards per dram, but m Dewsbury they indicate the 
number of yards per ounce. In the West of England the woollen counts 
indicate the number of hanks of 320 yards each to the pound. 

Structure of the Wool Fibre. — When seen under the microscope, the 
cleansed and white wool fibre appears in the form of a solid rod-shaped 
substance, the surface of which is covered with broad scales, all projectmg 
in the same direction, almost like the scales of a fish 

When the animal has been clipped for the first time (hog wool), the fibre 
tapers to a blunt pomt, but after the second and subsequent clips (wether 
wool), it terminates abruptly 

According to F. H Bowman, the wool fibre consists of a vast number 

♦ Most of the worsted yam produced m this country is spun on the English system, 
and consequently contains oil which has been added with the object of facilitating the 
spinning, while that spun abroad, especially in France and Germany, contains no oil, 
as it IS mostly spun on the French system Before dyeing, goods made from Enghah yam 
must be well scoured, in order to remove the oil, but, however well this operation may be 
conducted, small quantities of the oil (probably oxidised or polymerised) are retained by 
the fibre This fact largely accounts for the statement so frequently made that worsteas 
can be dyed on the Continent better than here In place of obve oil, Turkey-red oil is 
sometimes used for oiling wool, and recently Markel has patented the use of nomolelo 
acid for the purpose. 
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>f individual cells which taper towards each end to a finer point. Their 
lumher in a transverse section may exceed 1,500. The central or medul- 
ary cells are generally somewhat larger than l^ose immediately surrounding 
diem j and, in the case of black or coloured wool, contain the organic pigment 
K) Which idle wool owes its colour. The outer, or epithehal cells are flat, 
aorny, shield-shaped discs, which overlap each other (Figs 1 to So) These cells 
lan D© made to stand out more prominently by treating the wool with sulphuric 




Pig 2a Pig. 26 Pig. 3a. Pig. 36 Pig. 3c. 


Miorosoopioal appeoranoe of varxoufl wool fibres 

Pig. 1, Pine merino Fig^ 2a, Lincoln wool taken from the coarsest part of the fleece after 
treatment with oanstic soda and washing with alcohol and water Fig 26, Lincoln 
wool taken from the shoulders of the same fleece as 2a Pig, 3a, Alpaca Pig. 36, 
Mohair. Fig. 3c, Coarse hair from Cheviot fleece 

acid, or, hotter still, by steeping the fibres for two to three minutes in strong 
ammonia. Their presence also makes itself evident without the aid of a 
microscope , for, if a single wool fibre or a hair is taken between the finger 
and thumb of each hand and drawn gently, the end nearest the root remains 
stationary while the other slips This simple experiment is mstructive as 
showing the behaviour of wool in the process of milhng In the “drawing” 
of wool for worsted yarns, as also in the carding and drawing for woollen 
yams, the result of the operations is that about 60 per cent of the fibres 
he in one direction and 60 per cent, in the other. If worsted or woollen 



Fig 4 — Transverse section of wool fibre {Bowman), 

fabrics are subjected to friction in the wet state, especially in presence of 
an alkali (soap or soap and soda), the friction of the fibres against each 
other IS greater m one direction than in the other, and the consequence 
is that the fabric contracts or “runs” or “felts,” becoming at the same 
time thicker and assummg a denser appearance The object of milhng is 
to produce this effect The process is used m the manufacture of flannels, 
bro^cloths, tweeds, and other classes of wooUen goods As soap is generally 
used to accelerate its action, the colours used in dyemg the wool or the 
yam for all but plain goods must be faat to soap, and should not run or 
bleed. In the dyemg of slubbmg and yam, this property of felting is a 
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drawback, and careful treatment of the matenal is necessary m order to 
avoid its occurrence. In the production of felt from rabbit's fur, the 
fibres are specially treated with nitrate of mercury in order to make them 
felt well 

In section the wool fibres are generally round or elliptical, and exhibit 
a number of ducts through which the nourishment is possibly furnished 

The length and diameter of the individual wool fibres vary considerably, 
not only accordmg to the origin, but also in one and the same fieece. As 
stated above, the diameter is usually proportional to the length The average 
, length of the various classes of wool may be taken as varying between IJ 
and 7 mches, and the diameter from 0 004 to 0 0018 inch. The following 
figures are taken from Bowman's Structwre of the Wool F%hre . — 


Kind of Wool 


Breaking 

Blastlclty In 

Diameter of 


Strain In 
Grains 

Ferceutaga of 
Length 

Fibre In Deolmols 
of an Inoh. 

Leicester Wool, 


602 

0 284 

0-00181 

Southdown Wool, 


86 

0 268 

0 00099 

Australian Merino, . 


50 

0 335 

oooon? 

Saxony ,, 


39 

0 272 

0 000338 

biohair, • ■ • ■ ■ 

Alpaca, 


586 

0*299 

0 0U170 


149 

0 242 

0-000626 


In the coarse quahties of wool, and especially m mohair, fibres are 
frequently met with which stnke the eye by their characteristic ivory-white 
appearance ’ Under the microscope these fibres are seen to be void of internal 
structure, they do not felt, and in dyeing come out considerably lighter than 
the other fibres of the same wool. They are technically known as hempa^ 
and, although they are usually eliminated to a gi'eat extent in the process of 
combing, those which remain m^ be a source of annoyance to the spinner, 
manufacturer, and dyer alike It does not always happen that the whole 
fibre IS kempy It may be healthy up to a certain pomt and thence kempy 
to the end, or even kempy in the middle and healthy at both ends. 

In their chemical composition, kemps do not appear to differ from the 
healthy fibres, and their different behaviour in dyemg must be due to the 
hor^ impenetrable nature of the fibre 

The difficulties experienced in the dyeing of goods containing kemps may be 
overcome to a great extent by chlonnating {q the use of a high temperature 
in the dye-bath, and the choice of suitable dyestuffs. Ladies' dress goods 
have, however, been in fashion in which white fibres show on a coloured 
ground, and kemps were used for this purpose to such an extent that 
the demand became greater than the supply, and their market value soon 
exceeded that of the wool and mohair from which they were sepamted. 
Methods were also patented for so treating ordinary wool as to render it 
incapable of taking up colounng mattei 

Physical Properties. — Wool is hygroscopic, and to a much greater extent 
than the vegetable fibres. Wlien dned at 100“ 0. wool loses on an average 
18 26 pel cent of moisture,"*^ and this is the amount officially allowed When 
the dried wool is freely exposed to the air, this amount is regamed in a com- 
paratively short time But the amount of moisture held by the wool may be 
considerably less than or in excess of this figure accordmg to the temperature 
and hygrometnc condition of the atmosphere m which it has been kept In 

* By this it 18 meant that 118J lbs of wool in the normal condition yield 100 lbs of dry 
fibre {shriTikage), or that 100 lbs. of perfectly dry wool will increase m weight to 11 8J lbs if 
freely exposed to the air [regavi) With other textile fibres the calculation is similar. 

A. 
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fairness, tlierefore, to both buyer and seller, conditioning bouses have been 
estabhshed in all the most important worsted and woollen manufacturing 
centres of the Continent, and, subsequently, also in Bradford, in which the 
wool IS sampled and tested for the amount of hygroscopic moisture and 
oil which it contains. The modus &peramd% is similar to that used in 
conditioning silk 

Wool dried at 100“ assumes a harsh feel and its strength becomes 
considerably diminished When exposed to temperatures above 110“,* the 
wool fibre begins to become affected, while at 130“ a more or less complete 
decomposition of the fibre sets in This can be avoided, according to Persoz, 
by previously impregnating the material with a 10 per cent, solution of 
glycerin After this treatment it can be exposed without alteration to a 
temperature of 130“ to 140“ 

At 100“, wool containing its normal amount of moisture becomes plastic, 
and can be made to assume in this condition almost any shape which may be 
given to it, which shape it retains afterwards, if the material is allowed to 
cool in the same position. This property of the wool fibre is of the greatest 
importance in the crabbing and hot finisbulg of piece goods and in the 
stretching of yarns. The same principle is applied in the production of 
curled worsted, yarn, such as is employed m the production of imitation 
astiochans and of fancy yams Ourleci yam is produced by twisting the 
wool tightly, boiling for some time in water and then cooling. This sets 
the yam in its twisted condition, and gives it a permanent curl. With 
horn, which is morphologically and cheimcally closely allied to wool, 
the property may be reoddy demonstrated by plunging a spatula or paper 
knife of this material for a few minutes into boiling water. When taken 
out it 18 quite limp, and can be readily bent in any direction. If it is now 
bent double and plunged in this position into cold water, it retains the shape 
that has been given to it, and cannot be bent straight again while cold. 

Chemical Properties of the Wool Fibre. — Chemic^ly, the wool fibre differs 
from all others in its composition and properties Wnen it comes from the 
sheep's back, the fibre is m a very impure condition, being contammated with 
a large amount of grease (yolk) and dned-up sweat (suint). These constituents 
will bo noticed again undei wool-washing. When thoroughly cleansed the 
wool fibre is found to be composed of carbon, hydrogen, oxygen, mtrogen, and 
sulphur, but as these elements (especially the sulphur) not being present in 
constant proportions, it is not possible to assign to wool a definite chemical 
formula. It consists of keratine, a proteid substance, the constitution of 
which IS little known, but which constitutes not only the wool fibre, but all 
horny tissues, such as hair, horn, whalebone, feathers, <feo 

The average composition of wool-keratme may be taken as — 

Carbon, . . . . . . 60 00 per cent. 

Nitrogen, . . . 16-17 „ 

Hydrogen, . . . . 7'00 „ 

Sulphur, .... 2-4 ,, 

the difference between the sum of these figures and 100, bemg oxygen. The 
amount of sulphur, which usually averages from 2 to 4 per cent , may even 
exceed these limits considerably. Thus wools have been exammed which have 
contamed as little as 0*8 per cent , while Bibra found in some red human hair 
which he exammed no less than 8*23 per cent The sulphur contained in wool 
seems to be of two kmds, one of which may be removed by prolonged treatment 
with alkali, while the other cannot. By successive treatments with lime- 

* Bowman maintains that contmued heating to 100“ 0., or even less, brmga about % 
permanent alteration in the fibre. 
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water, water and hydrochloric acid, Qhevreul succeede^ in reducing the 
amount of sulphur m one case to 0 46 per cent. Woof®isaolved in caustic 
soda and then treated with dilute acid gives off about 70 per cent of the 
sulphur originally present, as sulphuretted hydrogen. 

The presence of sulphur m wool can be readily shown by heating the 
material in a diluted solution of lead oxide in caustic soda. The hbre soon 
turns -brown and ultimately black, owing to the formation of lead sulphide. 
Advantage is taken of this reaction for readily distinguishing wool from other 
textile fibres, for the production of cheap (but injurious) hair-dyes, and for 
making imitation tortoise-shell from ordinary horn. On the other hand, the 
presence of sulphur m wool is not without its drawbacks, as will be seen from 
the following senes of dyeing experiments carried out by Rawson.’* 

The colourmg matters taken were the following : — Naphthol yellow, 
Tartrazin, Manchester yellow, BnUiant green, Safranme, Magenta, Ehodamme, 
and Night blue The only natural colouring matter experimented upon was 
indigo, which was dyed m the form of indigo-sulphonic acid. Some of these 
colouring matters were dyed in a neutral bath, and others with addition of 
sulphuric acid The experiments were made m a senes of four. In the first 
place the water used was free from lead, in the second ^ gm. of lead per 
gallon was added, in the third f gm.,- and in the fourth 1 gm per gallon 
Wherever sulphunc acid is used in dyeing the colour is not affected by lead, 
but shades dyed in a neutral bath are rendered duller in proportion to the 
amount of lead present m solution Wool treated neutral and with acid, 
without addition of colouring matter, behaved in a similar manner. In a 
neutral bath containing lead the wool was dyed a drab shade, but with addi- 
tion of a small quantity of sulphuric acid (2J per cent, on the weight of the 
wool) it remained white. In the case of Bhodamine, one of the brightest of 
all colouring matters, 5 per cent, of alum was used in the dye-bath, and the 
shade was almost, but not entirely, unaffected by the presence of lead. In the 
case of Night blue, the colour was dissolved m acetic acid, but the shade was 
affected in a similar manner to those dyed neutral. It is true that the amount 
of acetic acid present in the dye-bath would be exceedingly small, and the 
effect of a larger amount was not tried The saddening effect is apparently 
caused by the sulphur naturally present in the wool combining with the lead, 
and forming sulphide of lead But the formation of sulphide of lead on the 
fibre does not take place m the presence of sulphuric acid 

In mordanting wool with stannous chloride, the material sometimes 
blackens, presumably through the formation of stannous sulphide. A similar 
action sometimes takes place, according to Hummel, in the formation of 
black specks in dyemg Oochineal scarlets on woollen cloth. According to 
others, these spots are due to the presence of metalhc iron m the material. 
In an alkaline condition, wool is readily affected by metals, and for this 
reason wool which has undergone an aJkalme treatment should never be 
brought in contact with metals before it has been thoroughly washed 

By dissolving wool in caustic soda, or in banum hydrate, there are formed, 
along with ammoma and sulphuretted hydrogen, a variety of organic compounds 
which are mostly amido-acids. One of the most mterestmg decomposition 
products IS lanuginic acid, which was first prepared by Champion, f and was 
subsequently subjected to a more careful exammation liy Knecht and Apple- 
'yard.^ It may be obtained by dissolving wool m boiling baniim hydrate 
solution, removmg the banum by means of carbonic acid, precipitating the 
lanugimo acid with basic lead acetate, and decomposmg the le^ salt with 
sulphuretted hydrogen. The solution filtered from tiie lead sulphide leaves, on 

* Joum, Soc* Dyers aiid Col , 1889, p. 161. + Qcmptes rendua, voL Imi,, p. 830. 

X Joiim, Soc» Dyers and Col., 1880, p. 71. 
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va-porating to dryn^, the lanuginio acid# browmah-yellow, translucent, and 
moi^hous substance which _nelds, on grinding, a cream-coloured powder, 
eadily soluble in water; Tliiq aqueous solution possesses the remarkable 
ronerty of precipitating the acid colours in presence of dilute sulphuric 
cid and the basic colours in the absence of free acid, forming intensely 
oloured lakes, most of which melt on heating Tannic acid, bichromate 
f potash, and the acetates of alummium, chromium, iron, and copper also 
ield precipitates. At 100® lanuginic acid becomes soft and plastic; at 
ligher temperatures it swells up, turns brown, and gives off a smell similar 
0 that of burning wool. The mean of two analyses of lanuginio acid gave the 
ollowing figures : — 


Carbon, 

Hydrogen, 

Nftrogon, 

Sulphur, 

Oxygen, 


tl‘61 per oeat. 


0-26 


lOO’OO „ 

Prom more recent investigations by R, Qnehm * it would appear that the 
uiugtnio aold prepared by Champion’s method is not a uniform substaiioo 
Tlie property which lanuginio acid possesses of precipitatmg both colouring 
and mordants is of importance, as showing that a substance can be 
bUiiiKMt fnijn wool which is soluble in water, and which behaves towards 
uliiuring mattera and mordants like the fibre itself, A similar bodv is 
ibUtniHl by tlie action of acids, as well as by the action of water at high 
rttifH'raturoH, on wool. Furthermore, Reyoliler t showed that even the 
4{m«4ius extract of wool contained a aubstanoo which was capable of yielding 
irwipitntiis with tho basic colours. 

Tlu' of amido-nitrogen in wool was shown by P. Richard,! by 

lituiitising tho ilhrc atid combining with phenols, when azo-colours resulted. 
Vironling tu llontz and Farrell, § wool treated with nitrous acid shows in every 
the clmnu'teriHticH of a diozo-compound. It gives the reactions of Grioss 
jiil of Santlniryor, and can, by treatment with stannous ohlonde, be reconverted 
iito ontinary wool, which can bo diazutised afresh. The amount of nitrogen 
vhich can oo diazotisod is, however, only 1 to 1‘2 per cent. — ^.a, about 
V nitrogen present. According to these authors the amido- 

ntrogon is not of importance in the dyeing process, since wool which has been 
kiiiipTetoiy deprived of its diazotisable nitrogen by boilmg the diazo-compound 
Aitli water, iiUuiliol, or cuprous chloride, until it no longer reacts with nitrous 
It III, vnti Ih) tlyed juat as well with acid (and basic) dyes as ordinary wool 
id»«T\fttxon does not, however, preclude the possibility of the amido-group 
utning into the composition of the colour lake m untreated wool, simply 
hovhN that the iiiniclo-group is not essential m dyeing 

In II Herius of carefully conducted experiments, Watson Smithy showed that 
wtMtl is iHiilud in a Holution of ammonium sulphate, considerable quunti- 
»• •' t*f jtininonia uro liln'rattul. Ry boiling 10 grms. of wool for four hour.s with 
<< critiH iiiuniomum sulphate in 100 c.c. water, ho found that 0 0833 grm NHj 
ijis while wool alone evolved 0 0020 grm, and ammonium sulpli.ito 

grm. of ammonia under the same conditions The amount of 
juti iitiim hlHMati‘d by the actum of tho wool was, therefore, 0 0541 grm Wool 
vhii }i ban Ihtii ImiiIihI with amiuomum sulphate (10 per cent, of the weight of 

* l)ufrft uitfl Ooi , 002, p 142 Bidl Soc Qlivni 1897, p 449. 

i Jtufff Su*', ItuL Sopt. 1888. Soc Chem Ind , 1897, p 406 

11 /ours. Boc. Chzm Ind., 1890, p 246 
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the wool) can be dyed without additions with the acid colours. The action oi 
the so-called metachrome mordant (chromate of potash and ammoniuir 
sulphate) is probably due to a similar phenomenon 

According to 0. Schoen,* the basic properties of the wool fibre are con 
siderably weakened by treatment with metatungstate of soda, while at the 
same time its acid properties are enhanced, inasmuch as it has but little afiinity 
for the acid coloui-s, but a greatly increased affinity for the basic colours. 

Under certain conditions wool may play the part of a reducing agent, 
and this property is shown especially with regard to Aniline black and some 
of the poly-azodyes Possibly this is due to the presence of sulphur in the 
form of sulphuretted hydrogen By oxidising the wool with chlorine or other 
oxidising agents, or by the addition of some oxidising agent to the dye-bath, 
this drawback may be overcome. 

The ash of cleansed wool amounts, as a rule, to less than 1 per cent by 
weight of the original material, and about three-quarters of it is soluble in 
water. The followmg analysis, by W H. Wood, of the ash of Lincoln wool 
may be taken, according to Bowman, as typical • — 


PotajBsmm oxide, KsO, . 




. 31 1 per cent. 

Sodium ,, NajO, . 



• 

8*2 

Calcium ,, CaO, , 

Alumina, AljOg, 1 



• 

16*9 

. 12 3'^ „ 

Ferric oxide, FegOs, / ’ 



• 

Silica, SiOg, 




6 8 

Sulpliurio acid, SOg, • 

Car Dome acid, COg, 




20 6 




42 

Phosphoric acid, . 




trace. 

Chlorine, . 


■ 


. trace. 

^99*0 „ 


The ash of a scoured flannel was found by.Purstenhagen and Appleyard to 
be alkaline t The alkalinity was due to 

Lime, . . 0*094 per cent., calculated as CaO ; 

Potash and soda, 0 224 „ „ KgO. 

Action of Water — The wool fibre consists of a homy transparent or 
translucent mass, which is not soluble in any of the ordmary solvents. At 
the same time, the fibre (even when well washed) is, to a certain extent, 
water-repellant, and, consequently, difficult to wet out To thoroughly wet it, 
treatment with hot or boiling water is advisable. 

By prolonged boiling with water, the wool fibre is gradually afifected, 
ammonia and sulphuretted hydrogen are given off, and the wool loses both in 
lustre and tensile strength, while small quantities of a substance to which 
Gardner has given the name “ wool gelatine ” pass into solution Acidulated 
water has leas action on the fibre than pure water When wool is steamed at 
99" to 100" it IS much more rapidly attacked than cotton, suffering a loss in 
strength, according to O Scheurer,t amounting to 18 per cent m the first 
three hours and to 76 per cent, in 60 hours. Wool which has been steamed 
shows an increased affinity for dyestuffs, and advantage is taken of this fact in 
the treatment of certain classes of mohair previous to dyeing In the 
ateammg of piece goods after crabbing, the same action occurs and may 
sometimes give rise to what are known os “ ended ” goods, so called because 
one end dyes darker than the middle This is due to those poitions of the 
goods which come nearest to the perforated roller having received a more 
drastic treatment than the rest of the piece 

* BvU. Soc Ind de Mvlh,, December, 1892. 
t Jounu Soc, Dy&ra and Col , 1888, p. 104. 


Xlhid,, 1894, p, 56. 
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Heated with water to ISC* C., the wool fibre is so deeply attacked that it 
n, after drying, be rubbed to a fine powder Silk is not materially affected 
1 this treatment, so that it is possible by means of it to “carbonise” wool in 
esence of silk. Heated with water to 160® to 200° 0., wool is completely 
ssolved. 

Under the influence of moisture and a moderate heat, the wool fibre is apt 
and this gives rise to faults Such faults are met with especially in 
oollen cloths which have been soaped, milled, or vat-dyed, and are allowed to 
5 for some time in an alkalme condition. They may, however, also occur 
iring the process of weaving, and have been known to form in summer time 
less than twenty-four hours. By the action of mildew, the wool fibre is 
tacked or destroyed, and the spots or stains have little affinity for dyestuffs, 
owing as hght places m the dyed material According to K. Schimke,* the 
fected fibres are readily recognised under the microscope , they appear to be 
•lit up into individual fibnllse, and show an appearance like a paint brush. 
Behaviour towards Acids. — Dilute acids have little appreciable effect on 
ool, although, at a boiling heat, they are absorbed and retained by the fibre 
ith great tenacity. The amount of sulphuric acid absorbed from boiling 
liitions, using 500 o.c of liquid to 6 grammes of wool, was found by 
Lirstonhagen and Appleyard t to be as follows • — 


Amount of Aold 
Employed 

Acid Left In Solution 

Acid Absorbed 

Indicator 

24 per oont 

0*38 per cent. 

2 12 per cent 

Methyl orange 

6 

2-17 

II 

2 83 „ 

11 

10 

6-37 

11 

3 63 „ 

ji 

20 

16 87 

II 

413 „ 

1) 

40 

35 IS 

11 

4 82 „ 

1) 


The acid thus absoibod cannot be readily extracted by boiling. Thus, wool 
bmh had been mordanted with 6 per cent of sulphuric acid gave up to 
stilled water when boiled for an hour (600 c c water to 6 grammes wool), the 
llowing amounts • — 

First boiling, 0’84 per cent. 

Second boiling, 0*34 ,, 

Third boiling, 0 OS ,, 

126 „ 

Further tieatments continue to extract small quantities of free acid, but a 
>t inconsiderable portion appears to be permanently absorbed or neutialised 
^ the fibre It is a remarkable fact that wool, which has been boiled with — 
y 10 per cent — sulphuric acid, and then extracted repeatedly with water 
ltd the leaction is neutral, can be dyed in a neutial bath with the acid 
hjurs, which otherwise require a considerable amount of acid in the dye-bath* 
inzono sulphonic acid acts m this respect like sulphuric acid i 
Wool bleated with dilute bulphuiic acid loses none of its valuable properties, 

, stiength, lustre, milling or feltmg properties, (kc, remaming unimpaired, 
i tlie con ti ary, an acid treatment, if not too drastic, gives to the fibie 
ditioiial “spring” 

Sihljihurous acid is also absorbed and retained tenaciously by the fibre , and 
tlic case of yarn which has been stoved for the purpose of bleaching, tha 

* Fiuher Ztg , 1891-92, p 339 Soc Dyers arui Col., 1888, p. 104. 

tJourn Soc. Dyers and Ool , 1904, p 244 
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sulpharons acid retained by the wool may either retard the fixation of certain 
colouring matters or cause them to fade after dyeing or prmting, owing to 
its reducing action. When stoved yams are used along with dyed yarns m 
coloured fancy goods, the same effect may be produced at the crossmg of the 
white and coloured threads 

From dilute aqueous solution, cbdd is absorbed like sulphuric 

acid. Tartar is decomposed by wool, according to Bolley, neutral tartrate 
being left in solution, while tartaric acid is retained by the fibre. 

IDilute mtric acid when applied at boilmg temperature is liable to turn the 
wool yellow. The colour thus produced is said to be due ta the formation of 
xantho-protffio add. But, if the strength does not exceed 3® to 4'* Tw., the 
formation of this compound takes place very slowly. Acid of this strength is 
frequently used by jpMyers, and, in shpddy dyeing, for “ strippmg ” colours. 

^ A. J Perold has studied the behaviour of wool towards a large number of 
acids,* and shows that their absorption by the fibre is a chemical process. 

Concentrated mvneral adds completely destroy and dissolve the wool fibre. 
The action is, however, only instantaneous (or nearly so) in the case of mtric 
acid. Wool 'treated for a few minutes with concentrated sulphuric acid and 
then well washed is deprived to a considerable extent of its power of combining 
with dyestuffs. t When dissolved in strong sulphuric acid, wool yields a product 
which has the properly of forming insoluble precipitates (lakes) with iie acid 
colours A similar compound is produced when wool is dissolved in strong 
hydrochloric acid j but m this case the action is slower. Nitric acid dissolves 
wool with copious evolution of nitrous fumes. The solution has an mtense 
yellow colour According to Baikow, J wool is almost completely dissolved on 
bemg allowed to stand for a prolonged period with syrupy phosphoric acid at 
the ordinary temperature. The composition of the degr^ation products was 
not determined, but it is interesting to note that, under these conditions, 
there is a copious evolution of sulphur dioxide. 

Behaviour towards Alkalies. — Although proof against the action of even 
moderately diluted acids, wool is very easily acted upon by alkalies. The most 
powerful m this respect are the caustic alkalies and the hydrates of the alkalme 
earths Their action vanes, however, greatly according to temperature and 
strength of solution. At 0° the action of even concentrated caustic alkahea on 
wool IS only slight, but, as the temperature mcreases, their action becomes 
more and more intense, until, at the boilmg temperature, wool can be com- 
pletely dissolved by prolong^ treatment m a solution contaimng less than 
1 per cent, of caustic soda calculated on the weight of the material. 

When, however, wool is exposed to the action of very strong caustic soda, 
a phenomenon is observed which is similar to that which takes place in the 
mercerising of cotton. A. Kertec 2 § first noticed this, and made use of the 
mcreased affimty acquired by the wool for colourmg matters for the production 
of two depths of the same colour m the prmtmg of woollen fabrics 3untrock|t 
further mvestigated the subject, and found that wool treated with caustic soda 
at 71® to 106® Tw at the ordinary temperature was strengthened durmg the 
fiist five to ten minutes; beyond this time the tensile strength diminished. 
The best strength was found to be 82® Tw. Weaker caustic attacked the fibre 
more or less, and the destructive action was found to be strongest at 32® Tw.; 
both stronger and weaker liquors had less action ' 

In the cold, strong solutions of the caustic alkalies have little or no shnnk- 
mg effect on either wool or silk, while cotton shrinks under the treatment some 
20 per cent On this difference in the properties of the fibres Depouily based 

*Joum, Soc, JOyera and Col , 1906, p. 171. ilbid , 1903, p. 71. 
tibid., 1906, p 274. § Fdrber Ztg , No. 2, 1898. 

II Fdrber Ztg,^ No. 3, 1898. 
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i process of producing onmp or crape effects on fabrics consisting mainly of 
ffool or silk, but containing m the warp or weft, or both, cotton binding 
jhreads. The fabrics are passed through caustic soda cooled to 0® to 10" 0,, 
washed in water, then in dilute acid, and again in water By the contraction 
}f the cotton threads the wool or silk assumes a crumpled appearance, and 
i great variety of effects can thus be obtained, which can be varied by the 
nake of the cloth 

Wool has the property of absorbing caustic alkalies from dilute aqueous 
solution, as it does acids, but it does not retain the alkali so tenaciously as it 
loes acids. 

Alkalvne carbonates exercise a destructive action on wool, although to 
SI far leas degree than the caustic alkalies. In dilute aqueous solution, and 
it moderate temperatures, they are often used along with soap for scouring 
wool and in milling. As a rule, no injurious effect is observed under 
these conditions, but it is well to b^r in mind that their deteriorating effect 
increases with the strength of the solution, and more especially with the 
temperature; m comparatively dilute boiling solution of sodium carbonate 
wool IB readily tendered, and by prolonged action it is completely disintegrated. 
The milder alkalies, like soap, borax, phosphate of soda^ &c,, have much 
less action on the wool fibre. The use of borax is resorted to when it is 
necessary to boil the wool in an alkaline bath, as, for instance, in the dyeing 
of Alkali blue Ammonia and ammonium carbonate are also comparatively 
uninjurious when used in dilute solutions. Wool treated with formaldehyde 
IS said to lose its sensitiveness to alkalies.* 

Behaviour towards Oxidising Agents. — ^Boiled m a solution of permanganate 
of potash, wool rapidly turns brown, and the fibre is easily tendered, but the 
action IS probably due as much to the liberated caustic potash as to that of 
oxidation 

. By moderate treatment with permanganate of potash, J. Mullerus t found 
that wool acquired an increased affinity for colouring matters, its felting pro- 
pel ties being at the same time diminished. Treatment with barium peroxide, 
followed by a treatment with acid, produced a similar effect. Chromic acid 
also exercises an oxidising action on wool, diminishing its tensile strength and ^ 
impairing its felting properties So-called “ overohromed ” wool owes its 
property of not taking a logwood black, according to Hummel, rather to the 
presence of an excess of chromic acid in the fibre than to any change in the 
substance of the fibre (see Chrome Mordants) 

The beneficial action of chlorine and of onromic acid on the colour reception 
properties of wool was first recognised by John Mercer, who had experienced 
(previous to 1848) considerable difficulty m obtaimng, m the printing of 
delaines, the same shade of colour on the wool and the cotton. He concluded 
that the difference in the absorbmg power arose from the presence of some 
deoxidising agent in the woollen fibre, and discovered that by passing the 
material through ' a mixture of bleaching powder and hydrochloric acid the 
woollen fibre is rendei'ed capable of combining with Prussian blue, oxide of tin, 
and colouring matters with the same facihty as cotton, giving “full, rich, 
saturated colours”! For woollen goods which are mtended to be printed 
J\Iercer*s process has been used ever since it was first mtroduc^. After 
chlorinating, the goods are now usually stoved and then, according to the 
suggestion of G. Lunge, run through peroxide of hydrogen The first of these 
processes takes away the yellow tinge produced by the chlorination, and the 
second destroys the sulphurous acid fixed by the wool. 


* Soc, Dyers and CoL, 1903, p 297. 

t The Life and Labours of John Mercer^ by 

1886, p. 86. 


, 1892, p. 111. 

E. A Parnell (Longmans, Green &; Co.), 
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Dry chlorine exerts little or no action on dry wool,* whereas if moist 
ohlorme gas is allowed to act on wool containing its natural amount of moisture 
the fibre first becomes yellow, and is ultimately converted into a transluceni 
viscous mass, while at the some time volumes of hydrochloric acid gas arc 
liberated. The product thus formed has not been obtained m a pure condi 
tion, but resembles lanuginic acid, inasmuch as it is soluble in water, and the 
aqueous solution is capable of yielding lakes with colouring matters Wool 
also greedily absorbs chlorine from aqueous solution without any material 
change taking place m the outward appearance of the fibre. According to 
Knecht and Milnes, wool treated (ohlormated) with bleaching powder and 
excess of hydrochloric acid contains no chemically combined chlorine, but owes 
its altered properties entirely to oxidation. Spotted with iodide of potassium 
solution, it is stained brown by separation of iodine even weeks after the 
treatment, but it was not ascertained whether this reaction was due to the 
presence in the fibre of free chlorine or of peroxidised products of the substance 
of the fibre. Wool chlorinated, os on the large scale for printing, was found to 
still contain that modification of sulphur winch is blackened by alkaline lead 
solution, and the reaction with lead only disappeared at a point when the fibie 
had been partially disintegrated. Hypochlorous acid turns wool yellow much 
more rapidly than free chlorine. The yellow colouration can be removed by 
treatment with sulphurous acid, but the colour returns on steaming. 

Ohlormated wool differs from ordinary wool in several important points. 
It has a better lustre, and in certain qualities a feel like that of scroop silk 
(silk- wool). On the other hand, its feltmg properties are either considerably 
diminished or altogether destroyed. That a chemical change has been brought 
about in the subst^oe of the fibre is shown by its mcreased affinity for many 
colourmg matters, and the fact that with the same percentage of dyestuff it is 
dyed a deeper shade than ordinary wool Mercer t ascribed the fact that 
Prussian blue could be prmted on chlorinated wool and developed as readily as 
on cotton to the destruction by the chlorme of reducmg substances in the fibre, 
while Bethmann { mamtains that, as far as the successful production on the 
fibre of Anilme black is concerned, the chief point is to neutralise the basic 
properties of the fibre. 

For the chlormation of wool on a large scale, 2 to 5 per cent, of bleaching 
powder is usually employed on the weight of the wool under treatment In 
place of bleachmg powder and hydrochloric acid Bulord § recommends the use 
of hypochlorite of soda and sulphuric acid, which, according to this author, le 
less liable to turn the wool yellow. To get over the necessity of chlorinating 
wool for pnntmg, F. Bayer & Oo. || recommend the addition to the printing 
colour of bromates along with a suitable earner of oxygen, such as vanadium 
chloride, or then to treat the wool with bromate and hydrochloric acid 
(separately or mixed). Bromine exerts on wool a similar action to chlonne 
(0 Schoen) 

The peculiar action of chlonne in impartmg a silk-like lustre to the 
wool fibre and of destroying its felting properties has been used extensively 
with the object of produemg a kmd of knitting wool known under the name oi 
silkrwool, on the one hand, and for rendermg hosiery, fiannel, &o , unshnnk 
able, on the other By chlormatmg alone most kmds of wool assume a some- 
what harsh feel, but can be rendered soft agam by treatment with fatty acids 

For the production of silk-wool Lenzenll gives the following recipe foi 
knitting yam • — The yam is first treated for 15 to 30 minutes m a cold bath 

* Kneoht and Milnos, Jowm Soc Dyers amd ObZ., 1891^ p 41. 

+ L\fe a-nd Labours of John Mercer^ p 86. t Joum, Soc. Dyers and Ool,, 1906. 

§ Mon, ScienLt Quesneville, 1894, p 338 ll Joum, Soc, Dyers and Ooli, 1897, p. 43. 

IT Fdtber Ztg,, 1894-95, pp. 226 and 328. 



58 


dyeing. 


containing i litre hydrodilorio aoid, 32® Tw-i in 100 litres water, after which it 
is either allowed to ^ain well, or is 'hydro-extracted. It is then treated cold 
for 15 to 30 minutes in a clear solution of 1^ kilos, bleaching powder m lOG 
litres water, drained, soured in hydrochlorio acid for 30 to 46 minutes, nnsed 
and turned for 15 to 30 minutes in a bath heated to 76® 0., and containing 
600 grms. Marseilles soap to 100 litres water, hydro-extracted, soured again in 
hydrochloric acid, as above, and then well washed. The yam is apt to turn 
yellow by this process, but this may be prevented to some extent by adding 
the blea(^ing powder solution slowly. The colour is also improved by stoving, 
either before or after the treatment with soap, or by steeping the yarn for half 
an hour in bisulphite of soda, 64® Tw , diluted with three tunes its volume of 
water, and then sourmg. According to Clad <k Co.* the yellow colour may 
also be removed by treatmg the wool in a warm bath of stannous chloride and 
hydrochloric acid. 

If the wool is subsequently to be dyed in dark colours a larger proportion 
of bleaching powder can be taken Kie sourmg is done at 70" 0, and the 
yam is then turned in the bleaching powder (10 to 20 per cent of the weight 
of the yarn) for threchquarters pf an hour 

According to Meister, Lucius "and Briining t bett^ and more reliable 
results are obtained by tre^uug thp moist wool with gaseous chlorine. 

To restore to ohlorinafed wool the natural feel, &c., of untreated wool, 
Flonn and Lagache if subject the treated material to action of various salts, 
notably alun^inium, zinc, tin, iron, and chromium salts of organic acids 

For the chlorination of piece goods the treatment is similar to ihat used for 
yarn, and the operation is best effected on a jigger, the bleaching powder 
solution bemg run in slowly. 

Local chlorination of piece goods has been suggested by Knecht,§ with the 
object of producing crimp effects The pieces are printed in stnpes (not too 
narrow) with thickened sulphuric acid, passed through a weak bath of 
bleaching powder, nnsed, and milled in a soap solution The chlorinated 
parts do not shrink under this treatment, and a permanent crimp is thus 
obtained. The process is only suited for hght wool fabrics. 

Behaviour towards Solutions of Metalhc Salts — Solutions of salts, which are 
neutral to litmus, such as sodium chloride, sodium sulphate, calcium chloride, 
<fec , are quite without action on the wool fibre Wool boiled m solutions of 
sodium chlonde and calcium chloride absorbs only traces of these salts But 
when boiled for some time m solutions of metalhc salts, like alumimum sul- 
pliato, copperas, chrome alum, &c, which are acid to (litmus, considerable 
quantities of the salt are taken up by the fibre. This takes place in the 
mordanting of wool, previous to dyeing it with adjective colours, and an exact 
knowledge of the chemical changes which take place would, therefore, be of 
considerable interest It is a prevalent opimon that when wool is boded with 
alinninium sulphate, for instance, the salt is decomposed by the fibre in such 
a manner that aluminium hydrate and sulphuric acid are formed, of which the 
former is assimilated by the fibre, while the latter remains m solution Others 
again assume that an insoluble basic sulphate of alumina is formed on or in the 
fibre Quantitative determinations, carried out by Furstenhagen and Apple- 
yard, II show that when wool is boded with a solution of alum no free acid 
r(*inains in solution when the amount of alum does not exceed 6 per cent, 
of tho weight of the wool. When larger amounts are used a basic sulphate of 
alumina is fixed on the fibre 

Now it has already been shown that wool possesses a considerable affinity 
for both acids and bases, and, in its whole behaviour, it evinces the properties 


* Jowm Soc Dt/era and Ool , 1896, p 178. 

X Ibid,, 1900, p 109. § Ihtd., 1897, p 21. 
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of an amidoacid — ^that is, of a substance possessing simultaneously basic and 
acid properties. This would explain in a satisfactory manner the fixation of 
both the acid and basic constituents of the alum, but m what form these are 
fixed still remains a matter of conjecture. It is not improbable that the 
phenomenon is due to actual chemical combination with the fibre or ^ with 
certain cpnstituents of the latter ; just as lead or mercury, when absorbed by 
the system, enters into chemical combination with the albuminoids in the 
various organs That a hydrate is not formed is conclusively shown in 
mordanting wool with copper salts. The fibre assumes a green colour, but 
copper hydrate when boiled is at once dehydrated and transformed into black 
copper oxide If copper hydrate had been formed, the fibre would be black, 
whereas it is green, and remains so even after prolonged boilmg. 

The behaviour of wool towards bichromate of potash in mordanting will 
be found under the heading “bichromates ” among the riiordants 

Cold solutions of tcmmc acid have httle effect on the fibre, but when boiled 
in a solution of a tannin (hke myrabolans, for instance) the wool appears to 
absorb tannic acid, and its properties become altered. If chromed wool is 
boiled m a decoction of logwood to which mwabolans have been added, it is 
said that it is impossible to dye it black. Messrs Meister, Lucius & Bruning 
have patented a process for rendering wool incapable of absorbing dyestuffs,* 
which IS apparently based upon this observation. The wool is boiled in a 
solution of tannic acid, and is then treated in a bath of tartar emetic. 

Behaviour towards Colouring Matters ^Wool, of all textile fibres, exhibits 

the most powerful affinity for the colouring matters It combmes directly with 
all the substantive dyes, and c&i be readily dyed with them Its affinity for 
these IS generally greater than that of silk, m other words, the colours produced 
on wool resist the action of boiling water or of soap better than those on silk 
Thus, if wool and silk are dyed the same shade with Naphthol yellow or Indigo 
extract and then boiled with water, the colour is extracted from the silk 
much more rapidly than it is from the wool There are some exceptions to 
this rule, and on these facts is based the principle of dyemg the wool and 
silk, in mixed goods manufactured from these two fibres, two entirely different 
shades m one bath. As shown by Hirsoh,t wool also evinces a strong aflfinity 
towards certain substances, like the naphthol sulphonic acids, which are not 
dyes in themselves, but are capable of forming dyes by subsequent treatment. 
Thus wool boiled in acid solution with 1 to 2 per cent, beta-naphthol 
disulphonio acid R, became orange when passed into a solution of diazotoluene 
after the addition of ammonia. La a similar manner Naphthol green may be 
produced on the fibre by boiling m naphthol monosulphomc acid, passmg through 
an acidulated bath of nitrite of soda and then into a hot copperas solution 
jFor some adjective dyes, such as the insoluble red dyewoods and catechu, 
wool also exhibits a direct affimty Others, like Alizarin, which are used in 
dyemg m the form of pastes containing the colouring matter m a very finely 
divided state, are absorbed mechanically and fixed loosely by the fibre 

The various qualities of wool behave differently m dyemg, the finer 
quahties generally requiring more dyestuff to produce a given shade than the 
coarser ones The amount of dyestuff requmed also varies accordmg as the 
wool is dyed as loose wool, slubbmg, yam, or m the piece , the former requires 
most, the latter least dyestuff 

Certam kmds of wool, like mohair, are sometimes very difficult to dye 
they appear to take up only a very small proportion of the dyestuff, m spite 
of prolonged boilmg In these cases a short steammg is generally found to 
be effective, in overcommg the difficulty. In some cases this peculiar action 
of steam on wool may be a drawback (see Grahhvng^ Part TV .). 

* Jowm, Soc. Dy&ra and 061., 1901, p. 260 fibid., 1889, p. llfi 
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Wool immersed in solutions of the diazo - compounds (e.^, diazotised 
Paranitranilm) and then dried is dyed in shades varying from yellow to 
)iown, which ai*e very fast to washing. It was generally supposed that, in 
inch cases, the wool combined with the diazo -compound to form an azodye, 
>ut Brandt* considers tliat no such action takes place, and that the colours are 
lue to tlie formation of diazoamido-compounds. 


SILK (Geb., Seide^ Fr., Scm), 

Silk is the fibrous substance which is excreted by the silkworm, and with 
vhich it envelopes itself in a coGoon when it enters into the chrysalis stage 
)f its existence 

The numerous kinda of silk which come into commerce may he con- 
veniently classed as aflrt%fic%ally reared, 
and wld silks The former are by far 
the most important The principal 
species of silkworm is the Bowhyoa 
or mulberry silkworm, which is 
reared in China, Japan, Indio, Italy, 
the South of France, Greece, and The 
Levant The worms aie reared in 
Asia in the open air, but in Europe 
this IS done in specially consti noted 
buildings or sheds, which the Fiench 
call mojgnan&rxQB Here the eggs are 
laid out on shelves covered with 
white paper, and the temperature of 
the room is gradually raised duiing 
about twelve days from 18“ to 25“. 
Under these conditions the eggs are 
hatched The caterpillars are taken 
into a more spacious room, wheie 
they are fed on the leaves of the 
white mulberiy {Morua alha). The 
caterpillars evince an enormous appe- 
tite, and grow rapidly to their maxi- 
mum size in from thirty to thiity-thiee 
days, changing their skin every four 
to six days. At this stage thoir 
movements become slow, and they 
case to take nourisliment. They are allowed to creep into birch twigs, or 
)unflles of broom or heather placed m their vicinity, whor^ they spin thom- 
civoH into cocoons. 

The spinning lasts about thiee days, but in order to be suie that all the 
vorms have finishod spinning, five days are generally allowed to elapse before 
ho cocoons are collected and killed 

The .substance from which the fibie is produced is found in the silk worm 
)oforo spinning in the form of a clear, colourless, sticky liquid, which is 
ecreted from two glands situated symmetrically on either side of the body, 
Liid communicating with a capillary orifice in the head (the spinneret) 
According to Duseigneur, a section of the silk gland shows the presence of 
wo luiuids, an outer one, which in natural yellow silk is coloured yellow, 
Aid winch constitutes from 20 to 25 per cent, of the whole, and an inner one 

* Joum Sqg Dy&rs and Col , 1901, p 177. 



Fig, 5. — Catcrpillur, cocoon, and silk 
moth on mulliLTry twig. 
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w^hich is always colourless. These quantities correspond with the relative 
amounts of sencine and fibroine found in the raw silk. 

On coming in contact with the air, the silk liquid solidifies, forming a 
uniform double fibre which in some places may be seen under the microscope 
separated into two fibres. ^ 

After the cocoons have, been collected, and some o£ the finest sorted out 
for breeding, the ^ rest are killed, either by exposing them in stoves to a 
temperature of 60® to 76“ for three hours, or by steaming them for about ten 
minutes In this state they are brought into the maiket.' ' 

The first mechanical operation to whii the cocoons are subjected, after 
being sorted into different (qualities, is that of -reBlyrig The contrivances 
used for this purpose diiFer somewhat in their construction. The best results 
are produced, according to Wardle, by means of the Italian tavelette devised 
by Kellei, and shown in !Pig, 6. 

It consists of an iron stand. A, 12 inches in height. B represents the 
cocoon and its thread, placed so as to show the position of 
the silk on the mstrument C is the a porcelain disc, 

pierced m the centre and concave on the lower side The 
threads of four or more cocoons pass through it and form a 
compound thread of “ raw silk ” At D is the crotssure or 
crossing of the raw silk thread six or more times round 
itself. The object of this is to straighten and remove 
kinks and irregularities in the thread EE are pull^s, 
the drums of which are formed of thm glass rods FF 
are porcelain eyelets or guidera attached to a brass frame, 
which also supports the pulleys 

A number of cocoons are thrown into a basin, which 
contains water heated' by gas or steam to about 60“ 0. 

The fibres of from 4 to 18 individual cocoons are collected 
by the operator and pass through the eye of the 
thence following the same course, and ultimately through 
the guides, F, on to a reel The operator always has a 
number of ends of fresh cocoons ready, so that as soon as 
one has come to an end, it is at once replaced by a fresh 
one. By the action of the hot water in the vessel, some of 
the gum or silk-glue becomes dissolved and causes the 
individual fibres to cohere and form one thread, which 
vanes in thickness according to the number of cocoons 
constituting it. 

A single fibre is known as gr^ge By combining a 
number of gr^ge fibres and using additional twist, or- 
gcmzvne, or warp silk, is product whilst by usmg a 
smaller number of fibres and adding less twist l/rame, or 
weft silk, IS obtained. 

The silk reeled direct from the cocoons is the most valuable quality, and 
constitutes the raw silk or net silk of commerce The outer portions of the 
cocoon, which consist of a loose tangle of threads, are used m the manufacture 
of Jlo88 8'dkj the innermost layer which envelopes the chrysalis, also the 
pierced cocoons, double cocoons, and those which have been spoilt in steaming, 
constitute the inferior qualities, and are used for the Tnanufacture of spv/n 
silk For this purpose they are fermented with water, boiled with soda, 
washed and dried , after being torn to shreds, the material is combed, 
carded, and spun on machinery similar to that used for worsted Chappy 
silk 18 produced in a similar manner, but without previously boding the 
material. 


(h 


Fig 6 — Keller*B 
tavelette or 
Bilk reeling 
machine 
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Cov/nt8 , — In thrown or net silk, the Manchester counts indicate the weight 
in drams per hank of 1,000 yards Eor spun silk, the counts are the same as 
for cotton (q v ). 

In net silk, the counts are generally expressed in demera. The 
a denier is 0 0531 grm. and lie standard of length of fibre tak( 
metres. Thus, silk of 10 deniers would weigh 0 531 grm. for a length of* 
476 metres. 

Structure of the Silk Fibre. — As it comes into the market raw silk appears 
in the form of a more or less coarse uniform fibre, generally of a light creamy 
white, but sometimes of a bright yellow colour (especially m Italian silk;. 

It has a harsh feel and little lustre As has already been pomted out, these 
fibres are made up from the individual fibres of from 4 to 18 cocoons The 
fibie drawn from a single cocoon varies m length from 350 to 1,250 metres, 
and has an average diameter of about 0 018 mm. The diameter is greatest at 
the outside and dimmishes towards the interior of the cocoon. 

After removmg the silk-gum, by boibng with soap, the silk separates into ^ 
its mdividual fibres (Fr. 6nna), and is, m this condition, distmguished by its w 
beautiful lustre, fineness, strength, and elasticity. Under the microscope it 
presents the appearance of a structureless, transparent, rodnahaped fibre* 
Under the influence of caustic soda these fibres are resolved mto a large 
number of very fine filaments or fibnllss.* This change often takes place 
unintentionally in the various processes to which silk is submitted, but 
chiefly m the boilmg-oflc process, especially when carelessly conducted, and 
gives nse to “knots” (Fr.JloGona or pelotona) m silk goods, which, under the 
microscope, present the appearance of bundles of very fine filaments. In 
dyeing, these knots attract colourmg matter like tne other portions of 
the fibre, but appear lighter m colour than the latter owing to their extreme 
fineness 

Physical Properties. — Silk has a anecific gravity of 1 367. According to 
more recent deteiuninations by L. Yignon, the raw fibre has a specific gravity 
of 1 33, and the boiled-off fibre of 1 34 It is a bad conductor of electricity, 
and easily becomes electrified by friction This is a drawback to the manu- 
facturer, but it can be overcome to a great extent by keeping the atmosphere 
of the room moist 

A silk fibre can be stretched one-seventh to one-fifth of its length without 
breaking. When treated with aqueous solutions of certain metalho salts, it 
may contract 0 7 per cent, in lenglli. Raw silk possesses greater elasticity and 
greater tensile strength than “discharged” silk By dis(3iarging the gum the 
strength decreases by 30 per cent, the elasticity by 45 per cent When J 
wetted, silk possesses less tensile strength, but greater elasticity than in the 
dry condition. 

Like wool, silk is a very hygroscopic substance It may be made to absorb 
up to 30 per cent of its weight of moisture without feeling damp This fact, 
coupled with the high price of silk, renders it necessary for the buyer on the 
one hand and the seller on the other to know exactly the “condition” of the 
silk in which a transaction la made. This is done in all the more important 
silk centres, like Lyons, St Etienne, Pans, Ciefeld, Milan, Zuiich, London, 

&c , officially in the so-called conditiomug houses t 

Up to the year 1841 the method employed for conditioning consisted in 
exposing the selected samples on trays for 24 hours to the air in a room heated 
to from 20" to 25“ C., and ascertaimng how much they lost or gamed in weight. 
The method did not give satisfactory results, owing to the vaiiations in the 

A and R Sansone, Joum, Soc Chem, Ind,^ 1906, p 1216 

t The first conditioning estabbshment for silk was founded m Turin m 1760 by order 
of the King of Sardmia. La 1779 one was founded m Lyons. 


weight of 
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hygrometrio condition of the atmosphere. In 1841 Talabot introduced the 
method in use at the present time (with PersOz^s improvement of drying in a 
current of air) of determining the absolute weight of the silk dried at 110® to 
120® 0 The whole bulk of the silk to be conditioned is weighed, and samples 
are taken out from various parts weighmg in the aggregate about 1,600 grms, 
This ^sample is divided mto three lots. Two of these are weighed to within 
0 60 grm., and dried in a specially constructed apparatus in a current of air 
heated from 110® to 120° until Ike weight is constant. If the results are 
withm a half per cent, of each other, the mean is taken ^ if not, the thffti 
lot 18 treated m a similar manner, and the mean of the three is t^en. The 
condition of the bulk is then arrived at by adding to its absolute weight, which 
is calculated from the loss m weight of the samples, the legal quantity of 
moisture — viz., 11 per cent 

Chemical Composition and Properties of Silk. — Haw silk is not a uniform 
product, but consists of two substances— viz., the fibre proper (fibrome) and 
the external covermg, which is known as silk-gum or sdk-glue (sencine). 
The silk-gum is soluble in boiling water or dilute soap solution, while the 
former is not. The silk-gum constitutes 20 to 26 per cent, by weight of 
the raw silk. 

The silk fibre, freed from aU impurities by treatment with water at 133" C , 
then with alcohol, and lasi^ with ether, constitutes what is chenucaUy known 
QAfihrome According to £. Yignon,* pure fibrome can be obtamed by boiling 
raw silk twice with soap, then extractmg with hydrochloric acid, and then with 
alcohol of 90 per cent. Mulberry silk does not appear to vary much m its 
chemical composition, which corresponds to the formula OigHggNgOg It 
■exhibits the properties of an albuminoid (proteid). 

Prolonged boilmg with water has a tendency to shghtly weaken the fibre 
boilmg temperatures are, therefore, avoided as much as possible in dyeing 
and discharging Silk heated with water to 130® for three hours loses 
somewhat in tensile strength, whilst wool subjected to “^e same treatment 
IS completely disintegrated.! Commercial “boiled-off” silk contains, on an 
average, 0-7 to 1 per cent, of ash, consistmg prmcipally of lime, ma^esia, 

alumina, and iron. i j r 

Behaviour towards Acids. — Silk is rapidly attacked and dissolved by 
concentrated mineral acids. Concentrated hydrochloric acid is capable of 
dissolvmg more than its own weight of silk, a viscous, transparent mass r^ 
sultmg, from which alcohol throws down a copious precipitate When diluted 
with water and neutralised, a fiocculent precipitate is formed from this solution, 
it IS soluble m ammonia. j j. 

Fischer and Skita J; found the solution of silk m strong hydrochloric acid to 

contam for every 100 parts of silk : — 


10 parts Z-tyrosme, 
21 ,, d-alamne, 
36 ,, glycoooll, 


1 to 1^ parts Meuome, 

1 li » ^-phenylalanine. 


In a further communication, Fischer and Abderhalden state that the 
decomposition products mclude 12 parts methyldiketopiperazine. 

Gaseous hydrochloric acid destroys silk without hquef^g it. Nitno acid 
dissolves silk in the cold, foraung a yeUow solution (^obably imnthoproteio 
acidl When silk is immersed for one minute in mtnc acid of 27 iw , it 
acquires a yeUow colour T^hich is fairly fast to light, and quite fast to water 
{wandariTiage). It is necessary, however, that in order to obtam the result, 

* Cmpus rendus, 1893, «v., p. 613. + Jonrn. Soc. Dyers and CO., 1891, p. 68. 

Xlbidsy 1801 , p. 
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the nitric acid should contain lower oxides of nitrogen in solution. By the 
action of ammonia or other alkalies, the pale yellow colour is turned darker 
and brownish. 

Silk absorbs acids from dilute aqueous solution like wool does, and retains 
them tenaciously The lustre of the fibre is at the same time increased, and 
the silk acquires a pecubar feel, emitting when compressed in bulk a peculiar 
ciuckbug sound {scroop stlkj Fr, craqucmt) This property is frequently 
desired by the purchaser In order to produce it, the silk is worked, after 
dyeing, for a short time in a dilute solution of acetic, tartaric, or sulphuric 
acid (brightmi/ng , Fr, avivage), and then dried without washmg. Tartaric 
acid gives the best results, but it is the moat expensive. The scroop feel 
produced by acetic acid disappears after a time, owing to the evaporation of 
the acid. ^ 

By the action of acids of moderate concentration, silk contracts (according 
to Depouily & Gander's French patent) like cotton does m inercensing. Con- 
sequently, if piece goods consisting of cotton and silk or of wool and silk are 
pnnted with acids of suitable concentration, the silk contracts, while the other 
fibre does not, and a puckered or crape effect is the result The extent of the 
contraction depends upon three factors — viz., concentration of the acid, 
temperature, and time — but smce the fibre suffers by the action, these 
factors must of necessity be kept within certain limits. The following figures 
give the maxima m this respect: — Sulphuric acid, 75" to 80" Tw. at 16® to 
37" 0. for 6 to 16 mmutes, hydrochlonc acid, 26" to 29" Tw at 6" to 
36" C. for 1 to 16 minutes, nitric acid, 64" to 60" Tw at 6" to 46" for ^ 
to 15 minutes, and orthophosphoric acid, 90° to 100" Tw. at 26" to 46“ (J. 
for 2 to 15 minutes 

According to Fmstenhagen and Appleyard, silk treated for an hour in a 
solution containing 22 5 per cent, of tartano acid (calculated on the weight of 
the silk) absorbed 2 6 per cent Silk boiled for one hour in a solution con- 
taining 20 per cent, of sulphuric acid (calculated on the weight of the fibre) 
retained 1 5 per cent Accoiding to Lidow, glacial acetic acid, as well os 
molten citriu and oxalic acids at elevated temperatures, dissolves silk rapidly 
and completely 

Behaviour towards Alkahes. — At 0" caustic alkahes have little action on 
the silk fibre, even if used in a sufficient degree of concentration to mercerise 
cotton, Advantage is taken of this m the production of puckered effects in 
silk material containing cotton binding threads at regular intervals in the 
warp and weft Hot solution of caustic alkahes, however, dissolve silk com- 
pletely, though not so readily as they do wool. Numerous decomposition 
products are found in the solution, amongst which one especially — viz , 
s&ncinxc acid — is of interest, as showing similar properties towards the 
colourmg matters to those of the lanuginic acid obtained from wool In 
very dilute aqueous solution the caustic alkahes have little injurious effect 
on the fibre, and have been employed for discharging 

Ammonia has little action, even when apphed hot. Alkaline carbonates 
act hke the caustic alkahes, but much leas energetically. 

Of the milder alkahes, the soaps may be specially mentioned as having 
little or no injurious effect on the silk fibre They are used largely m 
ungummmg or discharging, and in various processes of dyemg Borax is 
similar m this respect. Prolonged action of hme water destroys the lustre 
of silk and renders the fibre brittle 

Behaviour towards Oxidismg Agents. — Bichromate of potash turns silk 
yellow, and by prolonged boiling a light olive ; it is not suitable as a 
moidant A strong solution of chromic acid rapidly destroys and dissolves 
the fibre. 
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PerTTumgcmate of potcbsh turns the fibre brown and, if used in excess, tenders 
it. A sub^qi^uent treatment with bisulphite of soda or sulphurous acids 
bleaches the fiVe. 

Ghlorme and the hypocMoritea^ if used strong, attack the fibre and destroy 
it ; but^ if used m very dilute solution, they increase its affinity for certain 
colouring matters, but nothing like to the same extent as is me case with 
wool. 

Behaviour towards Metallic Salts — In its behaviour towards metallic 
salts, like those of tin, aluminium, and iron, silk resembles wool If soaked 
m cold and not too dilute solutions of these salts, an absorption takes place, 
which IS due, as generally supposed, to the formation of a metaUib Iwdrate, 
or of an insoluble basic salt on and in the substance of the fibre.* ^us, if 
silk is steeped over night in a solutioi^bf basic ferric sulphate, wrung and 
washed, it assumes a yeUow to yellow-brown colour, according to the strength 
of the solution employed. The phenomenon which plays a most important 
rdle in the mordantog and weighting of silk stiU requires a satisfactory ex- 
planation It IS a remarkable fact that silk which 1^ been weighted with 
stannic chlonde or ferric salts and not thoroughly washed out is completely 
rotted if exposed to light 

A concentrated solution of zinc chloride (140° Tw.^ rapidly dissolves silk 
to a thick sticky hquid, which can be diluted with acidulated water without 
the formation of a precipitate. By subjecting this solution to dialysis, the 
acid and zinc chloride are remov^, leaving behind an aqueous solution of 
silk, which, when evaporated, leaves a brittle glass-like substance insoluble in 
water. If the solution in zinc chloride is diluted with water alone and not 
with acidulated water, a fiocculent prempicate is obtained, which can be freed 
from the chloride of zinc by waging. A solution of this precipitate in 
ammonia has been used for coating vegetable fibres with silk. Less concen- 
trated solutions of zinc dblonde have the effect of causing the silk fibre to 
shrink, and have been utilised for the production of cnmp effects in mixed 
fabrics (Miss Qraissot’s patent). The fabric is steeped for one-half to three 
hours in zinc chlonde solution of 32° to 76° Tw, suspended m a chamber 
heated to 25“ to 30“ 0. until the desired effect is obtained, and then washed. 

Eisner has suggested the use of a solution of basic zinc chlonde for the 
estimation of silk m presence of wool and cotton. The solution is prepared 
by dissolving 1,000 grms. zinc chloride and 40 grms. zinc oxide in 860 o o. 
water, and should show a density of 144" Tw in the cold. The weighed 
sample of the fabno is plunged into the boihng solution three times m 
succession, but should not remain immersed for more than one minute 
altogether. It is then freed from zinc by extraction with a 1 per cent, 
solution of hydrochloric acid F. W, Biohardsont contends that the solution 
also attacks wool and cotton, the former losing 1*6 to 2 per cent., and the latter 
0 46 to 0 60 per cent, by the treatment. 

Silk IS soluble in Sohweizer’s reagent (solution of copper hydrate m 
ammonia), and also in a solution of nickel hydrate m ammonia. A solution 
prepared by dissolving 16 grms. copper sulphate in 140 to 160 c.o of water, 
then adding 8 to 10 grms glycerm and, subsequently, caustic soda solution 
until the precipitate which forms just redissolves, dissolves silk readily without 
affecting wool or cotton.! 

Better results are obtained, according to P. W. Richardson, § by means of 
an ammoniacal nickel solution. 

*See also P Heermann, J<mm Soc Dyere and Cd,, 1903, pp. 140 and 276; 1904, p. 
13 ; 1900, pp. 166, 226, 282, 311, 312, and 313. 

iJouTTL 8oc. Chem Jnd , 1893, p. 429. 

§ Jovm Soc, CheTn, Ind , 1893, p. 424, 


tLCwe, Jahreabenchte, 1876. 
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iTaanic acid and mga/r are also absorbed by silk, and are used in weighting. 

Behaviour tov7ards Colouring Matters. — In its behaviour towards the 
colouring matters silk resembles wool ; but the affinity is, generally speakmg, 
less. This applies especially to the acid colours which, ‘vmen dyed on silk, 
are not as fast to water as on wool. Many colours do not dye as well at the 
boil as at about 60° 0 Diazo-compounds unite chemically with fibroine, pre- 
sumably with the formation of azo-compounds. Thus silk treated with 
iiazotised paranitraniline is dyed a beautiful (and fast) shade of “ old gold ” 

According to Decker and Junkers, it is possible to deprive silk of its 
property of dyeing by alternate treatment with stannous acetate and soda. 

Por v^ry deUoate S3lk fabrics which would suffer by contact with water, 
the process of “ dry-dyeing ” is sometimes employed, which consists m dyemg 
the fabric in benzene solutions of suitable dyestuff (fatty acid compounds or 
resmatea of basic colours). 

Silk-gum or sUk-glae^ the substance which envelopes* the silk fibre proper 
in its raw state, consists chemically of a substance called a&novne^ which in its 
compositipn is closely allied to fibroine. The chemical formula ascribed to 
purified sencme is OigHjgNgOg. It forms a transparent, glue-hke mass, which 
swells up and dissolves in hot water. Water containing as httle as 1 per cent, 
of serioine gelatinises on cooling j prolonged boiling, or the addition of small 
quantities of nitric or acetic acid or caustic potash, prevents the gelatinising. 
Sencme is precipitated from its aqueous solution by alcohol, tannin, and the 
salts of most of the heavy metals. When boiled with dilute sulphuric acid or 
with banum hydrate, senoine is decomposed, yielding products similar to those 
formed from fibroine. Bis-Kummerf has patented a process by which the 
sencme can be rendered insoluble on the fibre by steeping the raw silk for 
three hours in a solution containing J to ^ per cent, formaldehyde* It is claimed 
that silk thus treated can be dyed hot without fear of any loss m weight 

The similarity in the composition of fibroine and sencme has led to the 
supposition that the sericine is formed at the expense of the fibrome as it 
leaves the spinneret of the silkworm by the absorption of oxygen and water, 
thus*"" 

Ci5BlaaNj|Oa + 0 + H^O = Ci5Hs5N50a. 

Vlbrolue. Berldne. 

This theory is partly confirmed by the fact that iE moist fibroine is exposed 
for some time to the air, it becomes partially soluble m boihng water. Besides, 
the silk reservoirs contained m the worm are found to contain almost pure 
fibrome, and very little matter soluble m water. 

The sencme of raw silk contains, as a rule, small quantities of waxy, fatty, 
«nd resmous matters, and in the case of yellow silk, a natural yellow colouring 
matter. Dubois ^ contends that the colourmg matter of yellow silk is not a 
uniform substance, but contains • — 

(1) A golden-yellow colouring principle, soluble m solutions of potassium 
•carbonate, from which it is precipitated by excess of acetic acid m brilliant 
flakes (2) Various crystals of a yellow colour (3) A lemon-yellow 
amorphous colourmg matter, (4) Lemon-yellow octahedral crystals, similar 
to those of sulphur. (6) A dark bluish-green pigment, m very small 
quantities. 

*M Moyret (i/on. de la TemturCt 1891, p. 324) asserts that the senoine obtained 
ty the action of various solvents on raw silk does not exist as suoh on this fibre, hut 
•consists of products whioh have become ohemioally altered in the process of ungumming, 
just as glue does not exist as suoli m the substanoes from whioh it is prepared (hide 
bones, &o ). 

tJcntm. Soc, Dyera omd Ool,f 1896, p 7. J /bid., 1890, p, 171. 
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The flame authority expresses the opinion that the yellow colouring matter 
of silk is analogous to, if not identical with, carotine. 

When silJe is boiled with hydrochloric acid, the seriome swells very much, 
without passing into solution, and ultimately remains as a hollow crumpled 
tube. In cold hydrochloric acid it also swells considerably, a property which 
is employed by v. Hbhnel for the detection of the seriome envelope. 

Towards alkalies, sencine is much more sensitive than fibroine, boiling soap 
bemg sufficient to dissolve it aU from tha raw fibre, a treatment (known as 
dischargmg or “boiling-off”) which is more particularly referred to m Chapter 
jv. The liquor thus obtained is technically known as “boiled-off hquor” 
(Germ., Ba8t8e%fe)^ and is used by the dyer as an addition to the dye-bath, with 
the object of causmg the colours to dye level The levelling properties of 
boiled-off hquor are partly due to the presence of mucilaginous albuminous 
matter, and partly to the fatty acids which it contains ft is probable that 
the colouring matter, before combining with the fibre, forms loose compounds 
with these substances, which are slowly decomposed dunng the process of 
dyeing, the colour forming a less soluble compound with the fibrome For 
many colours it is necessary to acidulate the bath containmg the" boiled-off 
hquor. A milky liquid results, which contains the fatty acids in an extremely 
fine state of division, and not m lumps, as would be the case in the absence of 
dissolved serieme. 

Smee boiled-off liquor soon putrefies, it cannot be kept long , on the other 
hand, the silk dyer frequently runs short of his supply for other reasons. 
Consequently, in works principal^ engaged in colour dyeing, it is frequently 
desired to have a substitute. The foUowmg two recipes for this purpose 
may be mentioned : — 

Two kilos. Marseilles soap, 200 grms, gelatine, and 100 grms. common salt 
in 100 litres condensed water. 

One kilo. Marseilles soap is dissolved in 40 litres boilmg water, and 250 to 
300 grms. glue are separately dissolved in 10 litres boihng water. The two 
solutions ore mixed and boiled 130 to 150 c.c, olive oil are then added slowly 
while agitating, and the boiling is continued for a short time 

WILD SILKS. 

Of the so-called wild silks that known as Tvsawr (Tussah or Tasar) is the 
most important. It is imported mto this country from India and Chma , and, 
although formerly comparatively httle known, is now used m large quantities 

The Indian Tussur is the product of the Anih&roBa myUUa, while the 
Chinese Tussur is the fibre of another species of the same genus — ^viz, 
Anthercea pemy % — both belonging to the family Saim/rnidcB, They do not 
appear to differ essentially from each other either in their physical or chemical 
properties. 

Tussur silk comes into the market in the reeled state, and also m consider- 
able quantities as spun silk It always has a brown colour, which is difficult to 
remove Tussur silk is much stiffer than ordinary silk, and, principally on this 
account, is more suitable than the latter for the manufacture of long-pile fabrics. 
The diameter of the fibres is also considerably greater; while mulberry silk has 
an average diameter of 0 018 mm , the fibre of Tussur silk averages 0 052 mm. 
The raw Tussur appears under the microscope to consist of a flat double fibre. 
Each of these individual fibres can be spht up by suitable treatment into six 
to eight fibnllsB. 

When seen in those parts where a twist in the fibre is prominent, it looks 
not unhke a cotton fibre, although differing from it in the high lustre and 
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jreater transparency. The surface marking of the fibres consists principally of 
grooved lines, hke the flutings of a column, and are evidently the result of the 
•ising above the general suiiace of the fibre (before conaohdation of the gum) 
)f the small fibnllea, of which every strand of the fibre is composed. The 
ibbon-like structure of the fibre gives it a peculiar appearance of unevenness 
n diameter, which thus appears to vary from to 77 ^ of an inch. 

Haw Tussur silk centers, as a rule, a high percentage of ash. In a sample 
)f reeled Tussur (probably Chinese) Bastow and Appleyard * found 6'34: per 
sent, of ash calculated on the weight of the fibre dried at 100®. A quantitative 
malysis of the ash showed it to consist of — 


Soda (NasO), 12 45 per cent. 

Potash (KaO) 31 68 „ 

Alumina (AlaO^) 1*46 „ 

Lime (OaO), 13*32 ,, 

Magnesia (MgO), 2 56 „ 

Phosphoric aoid (P 2 O 5 ), 6 90 „ 

Oarbomo aoid (COa) 11*14 „ 

Silica (SiOj), 9*79 „ 

Hydroohlono aoid (HOI), 2 89 „ 

Siuphurio aoid (SO;,), 8 16 „ 


100 35 

Oxygen equivalent to Cl, 0 65 


Total, 99 70 „ 

The avei*age of two ultimate analyses of the fibre, freed from dll impurities^ 
showed that it differs from ordinary silk in its ehemioal composition, as will be 
leen from the following table : — 

Hulbeiiy Bilk ribrolne 


Tubbst Flbrolne. « , , a. j ^ 
Oaloulated for 

^Cramer’s Formula). 


Oalonlated for 

q7iHi0Tj^a4Oj5 


Formula) 


Carbon, 

Hydrogen, 

Nitrogen, 

Oxygen, 


Per Oent 
47 18 
6*80 
16 85 
29*67 


Per Cent 
48 78 
6 23 
18*97 
26*03 


Per Oent 
60 26 
6*31 
19*84 
23*69 


100*00 

1 


100 00 100*00 


F. Filsingert has also estimated the amounts of nitrogen in mulberry silk 
ind in Tussur silk by Kjeldahl*s process His averages work out on the dry 
ibre to 16 8 per cent, for Tussur and 17*7 per oent. for mulberry silk. 

It contains, therefore, less carbon, about the same amount of hydrogen, 
considerably less nitrogen, and more oxygen than ordinary silk This difference 
Ln the chemical composition is no doubt sufficient to account for the difference 
tn the behaviour of the two fibres towards chemical reagents 

Behaviour towards Alkalies. — A oonsideiable difference exists between the 
behaviour towards caustic soda of Tussur silk and ordinary silk , whereas the 
latter is soon dissolved m a boihng 10 per cent, solution of this reagent, Tussur 
ailk requires a considerable time. A separation of the fibres may thus be 
affected. The same reaction may also be used for separating Tussur and wool 
in mixed fabrics or yams. 

* Joum. fioc. Dyera and Col , 1888, p. 88 . 


t Ohem. Zig,^ 1896, p. 324. 
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Behavlonr towards Acids. — Ordinary silk dissolves in concentrated hydro- 
chloric acid (sp. gr., 1*16) almost inst^tly, while Tnssur silk only partially 
dissolves if left for even forty-eight hours in the cold acid 

A similar difference is manifested m the behaviour of the two fibres towards 
concentrated »mc chloride solution, in which ordinary silk is readily and 
completely soluble, while Tussur silk is dissolved only after a considerable 
time, and then not completely. Ghromio amd dissolves ordinary silk at once, 
while Tussur is only acted upon slowly, 

Bastow and Appleyard found in a sample of reeled Tussur — 

Aqueous extract, 21 33 per cent. 

Alcoholic „ 0 91 „ 

Ethereal ,, . 0*08 „ 

By boiling in distilled water and afterwards in soap solution, a total loss in 
weight of 26*49 per cent, was obtamed. Sir Thomas Wardle* gives the 
following figures : — 


Speoles of Silk. 


I 0 B 8 after Washing In 
Water at 46” 0 

Loss after Bolling 
Soap Solution 




Per Cent. 

Per Cent 

China Tussur, . 



13 7 

21 

Indian Tussur, 



9 

11 

China silk, 


• 1 

1 

27 

Japan silk. 



8 

30 

Itah&n silk, 



4 

28 

Bengal silk. 



68 

30 


Tussur silk possesses, even after successive treatments with alkalies and 
acids, a light yellowish-brown colour which is difficult to remove. It is more 
difficult to dye than ordinary silk, and this is accounted for, according to 
Wardle, by the different degree of solubibty of the two silks. According to 
the same authority, the reason that the dyeing of black on Tussur silk is 
difficult arises from two causes — ^the first being the well-nigh impervious nature 
of the fibnlles and their consequent impenetrability to the absorption of 
ordinary tinctorial and chemical agencies ; and, secondly, the fiatness of the 
fibre, which causes the light to be reflect^ at different angles to that of the 
round fibre of ordinary silk. This difference of structure causes the natural 
brilliancy of Tussur silk to be seen in scintillations instead of evenly diffused 
over the surface, and the silk, hovever well dyed, has a speckled, shiny 
appearance 

Of other wild silks, the following may be mentioned : — 

Ena silk, the product of the Attacm ricm% which is found in various parts 
of India. "V^at silk is produced from this source is almost entirely consumed 
in the native industries. It resembles Tussur silk. 

Muga silk is the product of the Anthercea Assama, and is a native of Assam. 
The fibre is either white or of a hght brown colour, and is easier to dye than 
Tussur silk. 

Tamamai silk, the product of the Anthercea yamamai, is indigenous to Japan, 
In its microscopical appearance it is scarcely distinguishable from ordinary silk, 
except by the greater diameter of the fibre, which averages about 0 027 mm 

Sea Bilk or Byssus is the product of certam molluscs, pnncipally Pvivm 
nobUis and Pmna nodis^ which inhabit the Mediterranean, and which are 
collected pnncipally on the shores of Sardinia and Corsica. The fibres, which 
are excreted by these molluscs for the purpose of attaching themselves to the 

• Joum. Soc Arts, June, 1891 
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rooks, are of a golden browiF colour, very soft, elastic, durable, and glossy. 
The diameter of the fibre varies from 0*013 to 0*066 nun. It differs from 
ordinary silk in being insoluble in acids and alkalies.'*^ 


ARTIFICIAL FIBRES. 

Metallic Fibres or threads have been used for the manufacture and 
ornamentation of fabrics from very early times, but, since such fibres are 
never dyed (some are coloured by means of lacquers or by heating to elevated 
temperatures before coming into the hands of the manufacturer) or bleached, 
they do not directly interest the dyer. Metalhc threads of Dutch metal are 
sometimes woven into grey cotton pieces which have to be bleached in the 
piece, and very careful treatment on the part of the bleacher is necessary, 
especially in the treatment with bleaching powder, m order to prevent these 
fibres being damaged. 

Spun GlasB, or glass wool, is a fibre possessing a beautiful silk>like lustre, 
obtained by the rapid and continuous drawing of molten glass into an extremely 
thin and flexible rod. It has not hitherto been successfully 
apphed in the manufacture of fabrics, mainly on account of the 
brittleness of the fibres Glass wool is naturally a very resistant 
substance, and finds some application in the laboratory for filtering 
strong acids or caustic alkalies. It cannot be bleached or dyed 
Artificial Silk. — Within the past twenty years artificial fibres 
have been successfully prepared from solutions of mtrocellulose, 
cellulose, and gelatine, and some of these are at present manufac- 
tured in such a degree of fineness that, to the naked eye, they are 
indistinguishable &om the best qualities of boiled-off silk In a 
paper on the subject recently read by W. P. Dreaper,t it was 
stated that the output of artificial silk has now reach^ almost 
8 tons per day. 

If a solution of tetranitrated cellulose m a mixture of alcohol 
and ether be forced through a very small orifice into water, it 
instantly solidifies, and a continuous fibre can be drawn from the 
orifice which in its external appearance resembles silk M. de 
Ohardonnet, who was the first to make use of this interest- 
ing fact, has turned it to practical account for the manufacture of so- 
called Artificial Silk^ which was practically demonstrated on the small scale 
at the Pans Exhibition of 1889 The nvroxylin employed is a tetranitro- 
cellulose, which is first dissolved in a mixture of 38 parts ether and 42 parts 
alcohol so as to form a 6 5 per cent solution This latter is introduced into 
a small tinned copper vessel, from which it is forced by means of a continuous 
air pressure through a vertical gloss tube (0, Fig 7), ending in a fine 
capillary orifice (A), and surrounded by another glass tube (B), through which 
there is a continuous flow of fresh water. As soon as the pyroxylin solution 
comes in contact with water it solidifies, and may be reeled off m the form 
of a continuous fibre. Instead of one, two or more glass orifices may be 
fed from the same copper vessel, and the threads m^ either be reeled 
separately, or may be combined and reeled together By the addition of 
certain colouring matters (e g , Safranine) to the collodion solution, uniformly 
coloured threads can be obtained In consequence of the highly inflammable 
nature of pyroxylin, it is necessary to denitrate the product. Tms is effected 

* Witt, Ohem. TBchn d OeapmuBlJaaem, p 77. 

I J(mni Soc Dyera and Col 1907, p 5. 


A B 



Fig. 7. 
Artifloial 
silk apm- 
neret. 
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by steeping in a solution of ammonium sulphide. The fibre is aftei^warda 
bleached m bleaching powder.' Artificial silk has, accordiog to M. de Char- 
donnet,* a specific gravity of about 1*49, and will bear a teniae strain of 25 to 
35 kilos, per square millimetre of sectional area. The diameter may vary from 
0-001 to 0*040 mm. The bnllmncy or gloss of the fibre surpasses that of 
ordina^ boiled-off silk. 

In Pauly’s process, mercerised cellulose is dissolved in Schweizer’s reagent, 
BO as to form a soluiuon of sufficient consistency, and from this the fibre is 
drawn through an acid, which causes it to set immediately and at the same 
time removes the copper. This process, which is said to be consideralfiy more 
econoimcal than the Ohardoimet process, is extensively used on the Oontment, 
and yields a beautiful product known m Germany under the name “Glanzstof^” 
and m France as “ Fils bnllant.” 

In Steam’s process, a solution of viscose of suitable consistency is forced by 
pressure through a tube ending m a small platmum disc having five to eight 
very small holes. The threads are drawn off through a solution of ammonmm 
chloride, which instantly precipitates the cellulose and thus sohdifies the 
filaments. In appearance, the product is very aiTmlar to that obtamed by 
the two preceding processes. 

Numerous other processes for making artificial fibres from cellulose have 
been brought forward and patented,'t but have hitherto met with but little 
success, practically all the arkficial silk that comes mto the market being made 
by one or other of the above processes. 

The properties of the airtificial silks vary somewhat, according to their 
mode of manufacture, but in some respects they show similar properties. 
Thus, they all possess very considerably less tensile strength than ordinary silk, 
and their elasiacity is also leas. They have a higher specific gravity, so that 
their covering power is not as great as that of ordinary silk , m other words, a 
given weight of artificial silk will not go as far as the same weight of real 
silk. Furthermore, they show the disadvantageous property of losmg much 
of their tensile strength when m the wet condition, though they become strong 
agam on drying. It is remarkable that cotton and Imen, whidn also consist of 
cellulose, behave in exactly the opposite manner. 

Chardonnet silk differs in its properties a good deal from the other two 
forms It contains a small amount of nitno add in combination, and would 
also appear to contain sulphur m the combmed state, smce, after prolonged 
extraction with pure bisulphide of carbon, it was found to contain 1 2 per cent, 
of sulphur It dissolves more or less completely m caustic soda, and is thrown 
down again from the solution by the addition of acids as a gelatmous precipi- 
tate. Furthermore, it shows a direct affimty for the basic colours, with which 
it can be dyed without previous mordantmg The amount of nitno acid 
present in combination is not sufficient to account for this property, so that its 
affinity for basic colours is either due to the presence of oxyceUulose or to that 
of the combined sulphur (thiocellulose'l) 

The two other kinds of artificial silk resemble ordinary cellulose in their 
chemical behaviour. 

To distinguish between any of these artificial silks and ordinary sdk, nitric 
acid or one of the acid colours may serve. These colour the ordm^y silk, but 
leave the artificial fibres intact A solution of 10 grms. copper sulphate and 
5 grms. glycerine in 100 c a water, to which caustic soda has been added until 

• Conyptta rendua, ovm,, p. 982. 

t For further mfonuation on the Bubiect, see Carl Stvem, Dte KUmUicha Seidct Julius 
Springer, Berlin, 1906. Also Bronnert, Joum. Soc Dyers and 061 , 1900, p. 288 ; Bernard, 
ibtd , 1005, pp 186, 190, 215; Sorlee, ibtd.t 1908, p. 88 ; W. Massot, jfdfi-ber Ztg , 1907> 
pp. 146, ] 66, 201 ; and the ourrent patent hterature. 
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the precipitate ^hioh forms at first has redissolved, has ^o action on artificial 
silk, but readily dissolves real silk. 

Numerous attempts have also been made to obtaan artificial fibres from 
animal (albuminoid) substances, but none have hitherto been successful A. 
Millar produced a fibre of beautiful appearance (Yanduora silk) by drawing a 
solution of gelatine to a fine filament, and then exposing this to an atmosphere 
containing formaldehyde, with the object of rendermg the gelatine insoluble. 
The product has, however, not been satisfactory up to the present, partly on 
account of its want of tensile strength, but more particularly because, when 
wetted, it practically resolves itself into a jelly, 



73 


PART III. 


WATER. 

The quality of water used for washing, scouring, bleaching, and dyeing 
purposes is a matter of the greatest importance, l^e use of an unsuitable 
water m such operations has, in innumerable cases, resulted in faulty work. 
Goods are frequently damaged to a greater or less extent from no other cause, 
and yet^ in many instances, because the water happens to be bright and clear, 
it IS never or rarely suspected of causmg the mischief. Just as many people 
imagine that well water, if bright and clear and sparkling, must of necessity 
be of good quality for drinking purposes. It is known, however, that water 
may possess all these qualities and yet be httle better than filtered sewage. 
Absolutely pure water never occurs in nature i even ordinary distilled water is 
not free from traces of other substances For practical purposes, however^ 
distilled water may be taken as pure in considermg the properties of water. 

Pure water is a transparent, tasteless, modorous hquid; colourless when 
seen in thin layers, but when a considerable depth is looked through, it 
appears o£ a pme greenish-blue to a deep blue tint. Under ordinary 
barometric pressure, water boils at the sea level at 100" 0. and freezes at 
0" 0, the scale of the centigrade thermometer bemg constructed upon the 
melting point, of ice and the boiling point of water. Accordmg to the 
thermometer which is commonly used m England (Fahrenheit's^ the boiling 
pomt of water is 212° and the freezing pomt 32", Since the Doiling pomt 
of a liquid is dependent upon the pressure exerted upon its surface, the 
temperature of the water in a steam boiler is higher than 100" C. in proportion 
to Ihe pressure of steam therem With a pressure of 60 lbs. to the square 
inch, for example, the temperature of the water is 138" C. Water containing 
matter m solution boils under the ordmary pressure at a higher temperature 
than pure water A saturated solution of common salt boils at 109® C., 
whilst a saturated solution of calcium chloride boils at 180® 0. The amount 
of substances used in dyeing operations is, as a rule, too small to have any 
practical effect upon the boiling pomt of the solution. Where dye-vessels are 
heated by open steam pipes, the liquid may appear to be m violent ebulhtion 
and still have a temperature of several degrees below 100® 0. Water, when 
heated from 0® to 4® C contracts in volume, thus forming a striking exception 
to the almost universal law that bodies expand on heating and contract on 
coolmg When heated above 4° 0. water gradually expands in volume until it 
reaches 100° 0. and passes off as steam. At 4° C., therefore, water attains its 
maximum density. In other words, a given volume of water at 4° C. weighs 
more than at any other temperature. 10,000 volumes of water measured at 
4" C. become rather more than 10,001 volumes at 0" 0., and about 10,440 at 
100" C. When water freezes it undergoes a sudden expansion, equal to about 
one-tenth of its volume The force thus exerted is very great, the bursting 
of water pipes by frost being due to this cause 
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AMOUNT OF SUBSTANCES DISSOLVED BY 1,000 PAKTS OF WATER 
(Gbmb, pbb Litre). 


Cold Soiling 


Potassium hydrate 

Sodium hydrate, 

Calcium hydrate, 

Potassium ohlonde, 

Sodium ohlonde, 

Calcium ohlonde (anhy,), ..... 
Stannous ohlonde, 

Potassium carbonate, 

Sodium carbonate (anhy.), . « • • 

Calcium carbonate, . . • • 

Potassium sulphate, 

Sodium sulphate (anhy ), 

Calcium sulphate, 

Aluminium ammonium sulphate (common alum), 

Ferrous sulphate (orys.) 

Copper sulAate (orys.), 

Potassium nichromate, ..... 

Sodium bichromate, 

Potassium bitartrate, 


2,000 

. 

600 

1'28 

860 

600 

360 

404 

2,000 

2,700 

900 

2,060 

160 

490 

•086 

, 

100 

260 

150 

426 

2-3 

2* 

90 

4,220 

36 

320 

330 

1,180 

100 

1,020 

1,100 

2,100 

4 

105 
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Water is 815 times as heavy as air. One gallon weighs exactly 10 lbs or 
70,000 grains. The solvent properties of water are very great, greater in fact 
than those of any other liquid The solubility of substances ranges from the 
merest trace to solutions containing much more solid matter than water. As 
a rule, the solubility of a substance mcreases with an increase of temperature 
The exceptions, comparatively speaking, are very few; calcium hydrate and 
sulphate bemg, perhaps, the most familiar examples. Some salts, alum for 
example, are exceedingly soluble in boiling water, and only slightly soluble m 
cold. Others agam, such as common salt, although freely soluble, axe slightly 
moie soluble at increased temperatures. The foregoing table shows the solu- 
bihty of some familiar substances m cold and boilmg water 

Water also possesses the property of dissolvmg gases. The colder the 

following table shows 
ordinary temperature, 

VoluniGB of gOB dissolved by 
1,000 volumes of water 
( 0 , 0 . pep litre) 


Nitrogen, 14 8 

Hydrogen, 19 

Oxygen 29 

Carbon dioxide, , 1,002 

Sulphuretted hydrogen, 3,233 

Sulphur dioxide, . 43,604 

Hydrochloric acid, 462,000 

Ammonia, . .... ... 727,200 


On account of the remarkable solvent power of water all natural waters 
contam more or less solid and gaseous matter m solution, varying greatly in 
quantity and in kind according to the nature of lie strata with which the 
water has been m contact. For technical purposes we may conveniently 
classify natural waters into (1) Rai/n wat&r j (2) Spri/ng ct/nd well watev , (3) 
Rvoer cmd sv/rface water 

Rain water collected under suitable conditions is the purest form of natural 
water, but as it falls through the air it takes up various impurities present in 


water the greater the volume ot gaa dissolved. The 
the solubility by volume of some gases in water at the 
16“ 0. — 
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the atmosphere. Bain iS| so to speak, water naturally distilled from the 
earth^s great reservoir — ^the sea. That which is coUecim in the country ia 
purer than that of towns Bain water invariably contains carbonic, nitric, and 
nitrous acids, ammonia, oxygen, and nitrogen, and, usually, traces of cidine 
matter as well as finely divided organic matter. The rain water of our large towns 
usually contains comparatively large quantities of sulphuric acid, derived from 
the combustion of sulphur in coal, in addition to small quantities of numerous 
other substances evolved from various manufacturing processes. After a long 
spell of dry mild weather the first shower of ram in such places is unusually 
nch m impurities. Bam water as actually collected, however, often contains 
many more impunties than those derived from the atmosphere, varying 
accordmg to the nature of the roof upon which it has fallen. A slate roof 
gives the purest water. If collected upon lead or galvanised iron roofs small 
quantities of lead or zinc may usually be detected m the water. In many 
works, where only hard water is available, it would frequently be found 
advantageous to pay some attention to coUectmg and stonng ram water,, 
especially for scouring operations. One mch of rain on an acre is equivalent 
to rather more than 100 tons or 22,400 gallons of water. With an annual, 
r ainfal l of 36 mches an acre of surface wdl thus yield on an average about 
2,600 gallons of good soft water per working day. 

Spring and Well Water. — Of the water which falls upon the earth as rain 
a portion evaporates, another portion runs off the surface formmg brooks and 
rivers, and a third portion penetrates into the earth to a greater or less depth 
accordmg to the nature of the strata. In some cases, after passmg through 
a few yards of permeable strata, such as gravel, sand, or limestone, a lesa 
pervious stratum, such as clay, is reached where the water accumulates, and 
takes an underground course until the stratum crops out at the surface at 
a lower level If a well be sunk along the course the water obtained therefrom 
is known as a ahaUow well water. On accoimt of the comparative ease with 
which such waters can usually become contaminated by sewage and dramage 
from cultivated land, farm bmldmgs, &c , they do not, as a rule, form desiraWe 
drinking waters, although they may be very good waters for dyeing and other 
purposes. In some cases the permeable strata do not crop out at the surface, 
but dip down under others which are impervious, or nearly so, when the water 
passes down to a great depth, and does not reappear at the surface unless it 
meets with a fissure and is forced upwards, forming a Bprvag , or unless th© 
overlying strata are bored through, so as to form an artificial sprmg or 
artesian well 

Spring and well waters usually contam considerable quantities of mineral 
matter derived from the rocks through which they have percolated The salts 
most frequently found m such waters are carbonates, sulphates, chlorides, 
nitrates and silioates of calcium, magnesium, sodium, potassium, aluminium,, 
and iron. Oalcium and magnesium salts give to water the quality of “haid- 
ness,” a term signifying the property which such waters possess of destroying 
the lathering properties of soap Calcium and magnesium sulphates are soluble 
in pure water, but the carbonates (except m very small proportions) are only 
soluble in water containing carbomo acid The ram, as it falls, contains a small 
quantity of carbonic acid \ it acquires a further quantity from decaymg vege- 
tab le matters in the soil, but a much greater amount from subterranean sources. 
When water is so highly charged with saline matter that it is unfit for either 
domestic or technical purposes it is commonly termed a mmeral water, of which 
there are numerous kinds 

Biver water is principally composed of a mixture of rain, surface water, and 
spring water. It also frequently contains more or leas drainage water from 
towns and villages, as well as numerous impurities from various woiks and 
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factories. Eiver water contains, aa a rule, much less dissolved matter than 
spring and well water, due principally to the admixture with surface water, 
which often contains very little matter in solution. A portion of the soluble 
matter in spring water is sometimes gradually deposited, owing to the disen- 
gagement of carbon dioxide Carbonates of lime and magnesia and oxide of 
iron are thus frequently deposited in the beds of strjBams and rivers Surface 
water from moorland distncts is usually of a ydlowii^-brown or brown colour, 
due to the presence of peaty acids in solution and other forms of vegetable 
matter m suspension. River water usually contaios a considerable quantity of 
suspended matter. The Thames contains from 16 to 30 grains per gallon, the 
Mississippi 66 grams, and the Ganges from 16 to 160 grains per g^on. In 
this way immense quantities of sohd matter are carried mto the sea. The 
Amazon contains only 2 grains of suspended matter per gallon, yet it discharges 
about 980,000,000 tons of mud into the sea every year. 

For Technical purposes the matter in solution is of much more importance 
than that in suspension, since the latter may be removed with comparative 
facility by mere subsidence only or by filtration. The analysis of water is 
treated in another portion of this work (see under but a few 

simple testa may be here given, which, if applied at the same time to a 
water whose composition and quahties are known, will frequently be found 
of service. 

Galcvwm or lime aalte are indicated hy the formation of a fine white precipi- 
tate on the addition of a few drops ot a solution of ammonium oxalate and 
ammomum chloride to the solution. 

Magnesium Salts . — ^After adding ammonium oxalate m testing for lime, the 
liquid 18 boiled and filtered, and the clear filtrate evaporated to about one-tenth 
of its bulk. When nearly cold a httle ammonia and sodium phosphate are ^ 
added, which produce a crystalline precipitate m the presence of magnesia. 

Sul^hatesy if present, will give a white precipitate on the addition of a few 
drops of hydrochloric acid and a little barium chlonde 

By^an'bonaUs and free ca/rhonio ac%d give a white precipitate on the addition 
of clear bme water. 

Chlorides give a white curdy precipitate on the addition of mtrio acid and 
silver mtrate. 

Many natural waters, when evaporated down to a small bulk, become 
turbid This may be due to the presence of either bioarbonates of lime and 
magnesia or sulphate of lime. If, on the addition of a few drops of hydro- 
chloric acid, effervescence takes place, and the liquid becomes clear, caibonates 
only are present. If, on the other iWd, no effervescence whatever occurs, and 
the liquid remains turbid, the deposit consists of calcium sulphate The 
presence of both carbonates and sulphates is indicated by effervescence on the 
addition of bydrochlonc acid, with but partial clearing of the hquid 

Waters containing salts of lime and magnesia give a white curdy precipitate 
when mixed with a solution of soap m weak alcohol, and no froth or lather is 
produced until sufficient soap has been added to combme with the whole of the 
lime and magnesia present. 

IroUy if present m considerable quantities, will usually form a reddish- 
brown deposit when the water is freely exposed to the air for some houis. 
Smaller quantities may be detected by evaporatu^ig nearly to dryness with 
addition of hydrochloric acid and a drop or two of nitnc acid. If potassium 
ferrocyanide be now added, a blue precipitate or greenish-blue colouration 
will be produced, according to the amount* of iron produced If potassium 
thiocyanate be added m place of ferrocyanide a red colouration will be 
obtained 

Alkahne carbonates may be detected by boUing the water for about ten 



minutes, filtering and adding either litmus, laokmoid, or phenolphthale] 
The first two inchcators are turned blue, the last red 

Acid waters turn a neutral, solution of laokmoid red. 

Organic matter in quantity gives to- the water a brownish colour, and, in soi 
cases, rises to the surf^e turiL brown scum (especially if a little alum is adde 
when the water is boiled. Water containing organic matter when evaporat' 
to dryness leaves a residue of a yellowi^ or brownish colour, which on igmtic 
becomes at first darker brown or black. On continuing the heat, the separah 
^rbon bums away, and the residue then becomes white or grey, unless mu< 
iron IS present, when it is brown. 

Water for Boiler Purposes. — In a steam boiler, since practically pure” wat 
comes off as steam, the sohd matter m solution gradually accumulaites and, 
most cases, a portion of it, sooner or later, is deposited. If the deposit is 
a loose, powdery character, it forms what is known as “boilw mudj'* if 
becomes firmly attached to the boiler plates it is known as a boiler “incrust 
tion.” Waters which form a hard incrustation are either to be avoided fi 
boiler purposes or they should be treated m such a manner as to prevent i 
formation. Incrustations not only cause much loss of heat, but the boili 
plates are liable to be damaged through overheating. An incrustation 
usually associated with a “hard” water, and there are many large use 
of steam who consider that incrustations are formed in proportion to tl 
hardness of the water used. This is a mistake, since much depends upon tl 
character of the salts constituting the hardness A comparatively soft wat 
may produce a hard scale much more quickly than a very hard one. If, 
example, the hardness of a water was due entirely to either calcium chlonc 
or magnesium sulphate (which is seldom the case, however), no mcrustatic 
would be formed under ordinary conditions, since both are very soluble salt 
If the hardness of the water used is mtHreVy due to bicarbonates, the exce 
of carbon dioxide is quickly given off in the boiler and carbonates of lime aj 
magnesia are precipitated, not on the boiler plates, but as a loose powdei 
mass If the hardness is due entirely to sulphate of lime, no precipitatic 
takes place nntil the water becomes very much concentrated — ^untd it contai] 
about 160 * grains of calcium sulphate per gallon. At this stage, the water 
saturated, and further conoentra^on causes the calcium sulphate to orystalli 
on the boiler plates in the form of a hard deposit When calcium ai 
magnesium carbonates are present as well, these salts also become incorporate 
with the calcium sulphate. Water containing magnesium bicarbonate deposi 
at first magnesium carbonate; but Dnffield, m a valuable paper on “Boil 
Management,” t has shown that boiler morustatioiis, though thrown down 
a powdery mass, contain the magnesia m the form of hye&ate, MgHgOg. I 
further points out that this hydrate of magnesia (even in the a&ence 
calcmm sulphate) is liable to b^e into a hard scale if the flues are not w( 
cooled down before the boiler is blown off. Calcium carbonate may also baJ 
on to the plates under the same conditions, but not so readily as magnesiu 
hydrate. In order to prevent the formation of scale in steam boilei 
numerous so-called “boiler compositions” have been proposed and use 
Some work satisfactorily, but the majority are altogether useless and, 
some cases, positively injurious. A compound may, of course, act beneficial 
with one kind of water and yet be altogether useless for another. The be 
way is to remove the scale-forming ingredients, before the water enters t 
boiler, by one or other of the methods given under Wat&r Pvrijication (p 8< 

* This figure represents the solubility of calcium sulphate under the ordinary atr 
spherio pressiure. Tinder inoreased pressures, ho'wever, oaloium sulphate is almost msolu 
in water. 

+ «7b«m. 8oo, Ohem, Ind., 1887, p. 178. 
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Driffield shows, however, in the piper ubove mentioned that veiy satisfactory 
results may he obtained by lueiely adding sufficdoiit sodium cai’bonate U 
convert the oalcium sulphate into calcium carbonate. "Water containini 
magnesium chloride is liablo to act injuiuously upon tho boiler plates, fron 
its decomposition into magnesium hydrate with evolution of hydroohlono acid 
If magnesium chloride, therefore, be present, sodium carbonate should also h 
added in sufficient quantity to concert it into carbonate 

Water for Scouring, Washmg, and Bleaching Purposes. — In all these opere 
tions salts of lime, magnesia, and iron are very objectionable. Iron is usuall 
present in very much smaller quantities than lime and magnesia, but traces c 
iron in water are frequently the cause of much trouble. When soap is adde 
to such waters no lather is at first produced, since the fatty acids of the soa 
combine with the lime and magnesia (os well as oxide of iron) to form stick 
insoluble soaps possessing no detergent properties. No lather is produce 
until sufficient soap has been added to combine with the whole of the calciui 
and magnesium present. The soap is thus commonly said to be “ kiUed.” I 
this manner large quantities of soap are destroyed One pound of calciui 
carbonate, or its equivalent m calcium sulphate or magnesium salts, dissolve 
in water precipitates, and, so far as its detergent quahties ore concernet 
destroys about 10 lbs. of good average soap. A water used for scourir 
yarn, submitted for analysis to one of the authors, was found to contai 
35 grains of calcium and magnesium salts per gallon. Consequently, 1,0( 
gallons of this water (providing no free alkali were added as well) wou 
destroy or render useless at least 50 lbs. of good soap. The “ hardness ** of 
water is commonly expressed in degrees, hut unfortunately some confusic 
exists regarding the exact meaning of the term. It may refer to parts 
calcium carbonate (or equivalent m other salt) per 100,000, or to grains p 
gallon = parts per 70,000. Again, the hardness expressed m degrees may, 
may not, inclucle the hardness of pure distilled water According to Wankly 
distilled water has a hardness equal to 1 groin OaCOg per gallon ( 
Wanklyn^s scale a water containing 9 grains of calcium carbonate per gall- 
possesses a hardness of 10°, whereas on Clark’s scale (adopted by moat chemist 
or its equivalent in parts per 100,000, such a water would be 9® of hardne 
Until compai'atively recently, the hardness of a water was invariably deb 
mined by means of a standard solution of soap; but since other and me 
exact methods are now frequently employed (see under Analyaie), it see: 
preferable to employ the term “degrees of hardness” as synonymous w: 
either “parts CaCOg per 100,000,” or “grains OaOOg per gallon.” THe lat 
form IS employed in this work, unless otherwise stated. If the “soap tee 
were perfectly reliable and accurate, there might be some reason for allowi 
1“ for the pure water, hut every chemist who has had any experience w 
waters knows that in many cases the “test” is most erratic. This has hi 
clearly shown in a valuable paper on the “Examination of Water for Techni 
Purposes,” by A H. Allen, in the Jowmal of the Sooiei/y of Chem Indust 
1888, p. 795. 

A thousand gallons of water for every de^‘oe of hardness destroys ab 
1 lb. 7 ozs. of soap, but this loss of soap is not by any means the o 
disadvantage. The sticky, insoluble calcium and magnesium soaps which 
precipitated are liable to be deposited irregularly on the goods, and such be 
the case, uneven dyeing — especially with “mordant’^ colours — is ahr 
invariably the result. If more than a trace of iron is present in the wa 
an insoluble iron soap will be precipitated on the fibre, and on being su 
quently dyed with any “ mordtint” colour, the shade will be dull and probe 
stained. For bleEiching purposes, water contaming iron is very objectiona 
whether the goods aro to be subsequently dyed or to remain white. "V 
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amall qnanfcitiea of oxide of iron are sufficient to give a yellowish tinge to 
bleached fabrics, and to dull such shades as Turkey red. Water highly coloured 
with organic matter (peaty acids) is unsuitable for bleaching and stoving 
purposes 

Water obtained from the lower beds of the coal measures often contains 
large quantities (20 to 40 grams per gallon) of sodium caa’bonate. Such water, 
in the absence of earthy carbonates, acts beneficially in scourmg operations, 
and 18 highly valued by wool-combers and manufacturers who use large 
quantities of soap. 

Water for Mordanting and Dyemg Purposes. — The most troublesome waters 
to the dyer are those containing iron (in any form), and carbonates of lime, 
magnesia^ and soda. Sulphates have httle or no action m dyemg, but m the 
subsequent washing operations a considerable amount of earthy sulphates m 
the water may act mjuriously m certain cases by “saddening” or duUmg the 
colours. In mordantmg operations, the carbonates produce precipitates with 
salts of iron, alumimum, ti^ &c., and reduce bichromates to neutral chromates 
The active ingredient is thus rendered much less effective as a mordant. If 
organic acids or acid salts (such as tartar) are used, a portion is neutralised and 
thereby rendered useless. Alkalme carbonates act more powerfully in these 
respects than calcium and magnesium carbonates. In dyemg operations, 
carbonates modify the colours produced with various dyes — especi^y cochmeal 
scarlets, which are rendered much bluer than shades dyed m pure water 
Many colouring matters, such as Methyl violet* Victoria blue, Ooerulem, Alizarin 
blue, &o., are precipitated by carbonates. The dye thus works on to the 
material in a loose form and in many cases produces stains It is not 
thoroughly fixed; and, when rubbed, much of the colour is removed, and 
stains whatever material it comes m contact with. The injurious effect of 
carbonates ih water is strikingly illustrated in the dyeing of Ahzarm blue and 
Ooerulem. In some oases, as, for example, m the dyemg of Ahzarm red (either 
upon wool or cotton), hme salts are decidedly beneficial when the material has 
been mordanted with aluminium compounds. The effect of acetate of lime m 
dyemg with Ahzarm upon wool has been clearly illustrated by Hummel. * 
Alk aline carbonates retard the dyeing of many colourmg matters; a small 
quantity of sodium carbonate, for example, is sufficient to prevent logwood 
working at alL Earthy carbonates m moderate quantity produce deeper, 
though duller, shades with logwood, fustic, <fec. In dyemg with “add” colours, 
neither sulphates nor carbonates have practically any effect. The amount of 
acid used, as a rule, is great m proportion to the alkahmty of the water. And, 
as large quantities of sodium sulphate are generally added at the same time, 
the comparatively small quantities of calcium, magnesium, and sodium sul- 
phates (formed by the action of the sulphuric acid on the carbonates), cannot 
be expected to appreciably affect the results In many cases, after the dyeing 
proper, the colour is seriously injured by washing or showering with water 
containing a large amount of earthy and alkaline carbonates Too httle 
importance is often given to the kmd of water used m washing dyed goods. 
The effect of vron in water used for dyeing is to “ sadden ” or dull almost all 
“ mordant” colours A very small quantity, either m the mordant or dye-bath, 
has a most marked effect upon shades produced with such colourmg matters as 
Alizarm red, cochmeal, &c. The effect is much greater when separate baths are 
used for mordantmg and dj^eing than when the smgle-bath method is adopted. 
In the latter case the bath is usually of on acid character, and the iron does not 
readily work on to the fabric. With “ acid” dyes, the amount of iron usually 
present m natural waters produces little or no effect. 

Lead is seldom present in water used for dyemg, but its action in wool 
Soc, Dyers and CoL, 1884, p, 11. 
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dyeing has been studied by Bawson* (see p. 61), who finds that bright 
colours dyed in a neutral bath are very much affected, whereas m the 
presence of acids the same amount of lead has no action. 

Correction of Water used in Dyeing. — ^Methods for the general purification 
of water are described below, but, in the absence of iron, for most dyeing 
purposes aU that is necessary is to carefully neutralise the earthy and alkaline 
carbonates, which may be present^ with an acid. This may be done in the 
mordant or dyo-bath with either sulphuric, oxalic, or acetic acid. Sulphuric 
acid is much tiie cheapest, but great care must be taken not to use too much \ 
otherwise bad results will be obtained. On this account, m dyeing with 
Alizarin blue, Ooerulein, and other similar colours in calcareous waters, it is 
much better to use aceiio acid, since a slight excess does no harm In 
mordanting with bichromates, sulphuric acid may be used with advant^e 
for neutralismg any carbonates. The amount of sulphuric acid (D.O. V ^ 
required for 1,000 gallons of the water may be readily ascertained in the 
following manner : — ^Pour 1 litre of the water into a wiiite basin and add a 
few drops of a solution of methyl orange. Add from a burette, during constani 
stirring with a glass rod, a solution containing 6^ gnns of the same sulphuiic 
acid in a litre of distilled water until the colour of the liquid changes to red. 
The Tvwmher of cubic centimetres thus required corresponds to the number oj 
ouTices of sulphuric acid to be added to 1,000 gallons of the water. 

For direct cotton colours and sulphide cmours it is best to boll the watei 
with a httle soda (about 3 ozs. soda ash per 1,000 gallons water for each degree 
of hardness), so as to convert both the bicarbonate and the sulphate mtc 
normal calcium carbonate 

PURIFIOATIONT OF WATER 

The supply of water is frequently of such a quality that it is founc 
desirable to effect some means of purification. On a small scale, for the 
laboratory, &c, water is best purified by distillation. In many works £ 
considerable amount of distilled or condensed water is obtained from th( 
steam pipes and used for scouring purposes. This practice might be mud 
more widely adopted, the condensed water could not possibly be used t( 
greater advantage A pure soft water is a greater necessity in scouring thai 
m any other operation. 

Suspended matter in water is readdy removed by filtration through bed 
of sand and gravel or engine ashes Many other substances, especially iron 
are wholly or partially removed by exposure to air in large shallow dams an( 
subsequent filtration. Waters highly charged with bicarbonates give off . 
portion of their carbon dioxide, and normal carbonates are precipitated 
Excepting waters containing ferrous carbonate, however, the diange take 
place very slowly and is never complete. Ferrous carbonate in water i 
quickly decomposed on exposure to air, and feme hydrate is thrown dow 
as a reddish-brown precipitate 

Several methods for the filtration of large quantities’ of water are describe 
by A. Steiger in the Jov/moU of the Soo of Dy&rs cmd ColovnstB (1886, p 185 
as also in lie Journal of the Soo of Ghem Industry (1886, p 416) 

For the purification of water by chemical means numerous substances hav 
been proposed The principal impurities to be removed are bicarbonates an 
sulphates of hme and magnesia, as well as iron and organic matter It ha 
been already stated thau bicarbonates in water are decomposed and precipitate 
by boiling A similar effect is produced by adding calcium or sodium hydrai 
to the water. When hme is used, the free carbonic acid umtes with it \ 

* Jowrn* Soc, Dyers and Col , 1889, p. 68. 
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form caloimn carbonate, ■which is precipitated as well as the calcium or 
magnesium carbonate pre'^ously existing in the form of soluble bioarbona'fces. 
When caustic soda is used, sodium oarbona'be is formed, which remains in 
solution. The following equations illustrate the changes which occur . — 

CaO(COa)a + Oa(HO)a = 2Ca008 + HaO. 

MgO(COa)a + OajHOja = MgCOa + CaCO. + 3^0. 

CaO(COa)a + 2WaH0 = CaCO. + NaaCO. + HaO. 

MgO(OOa)a + 2NaH0 = MgCOj + NaaCOj + HjO. 

It is very important that the exact amount of precipitant should be added j; 
otherwise, when lime is used, the water may be rendered harder ■than it 
previously was, either by a deficiency or an excess. K the water contains 
much free carbonic acid, a small amount of lime may be converted into 
bicarbonate and remam in solution On the other hand, if too much lime 
is added, the whole of the carbonic acid is removed, but calcium hydrate 
remams m solution. The treatment with lime or soda also removes any iron 
which may be present in the water as well as a portion of the organic matter. 
When much orgamo matter is present, in order to obtam good results, it is 
necessary to employ some soluble salt of alumina or iron in addition to lime 
or soda. The alumina or ferric oxide formed carnes down the organic matter,, 
and also causes the carbonates of hme and magnesia to settle more rapidly. 

Waters containmg sulphates* of lime and magnesia undergo no change 
on boilmg (unless highly concentrated), and are not acted upon by calcium 
hydrate. t Sodium hydrate acta differently according to whether sulphate of 
lime or sulphate of magnesia only is present, or whether carbonates are presen'^ 
as well. In the absence of carbomo acid, sodium hydrate produces no effect- 
upon water containmg calcium sulphate ; but magnesium sulphate is precipi- 
tated as hydrate, m accordance with the following equation . — 

MgR04 + 2NaH0 = Mg(HO)a + NaaS04. 

When carbomc acid is present in water, either free or as bicarbonate, on 
the addition of sodium hydrate, sodium carbonate is formed, which then reacts 
upon calcium sulphate wibh the formation of carbonate — 

0 aS 04 + Na^OOs = OaCO^ + NaaS 04 , 

Unless calcium sulphate is present m excess, the addition of caustic soda 
thus effects the removal of both carbonates and sulphates of the alkaline 
earths 

If the free carbonic acid present is but small in amount, or the calcium 
sulphate excessive, an addition of sodium carbonate must be made Sodium 
carbonate also precipitates magnesium salts as carbonate ; but the hydrate of 
magnesia is less soluble than the carbonate, hence caustic soda is the best 
precipitant. The method of purification by means of hme is commonly 
attributed to the late Dr Olark, of Aberdeen; although, according to the 
late Dr. Angus Smith, the use of lime was first proposed about a century ago 
by Thomas Henry, of Manchester In its simplest form, as originally devised, 
two tanks or reservoirs ore employed, one being used for mixing the hard 
water with the requisite amount of milk of lime or preferably clear lime 
water ; and the other, to receive the purified water after the insoluble matter 
has been allowed to subside A better plan is to have two mixing or precipi- 
tating vessels of such a size that each -will hold sufficient water for a day’s 
supply The precipitated calcium and magnesium carbonates settle slowly, 

* Nitrates and chlorides are acted upon in a similar manner to sulphates, 

t Calcium hydrate added to water containing magnesium sulphate produces a precipi- 
tate of magnesium hydrate, but a corresponding amount of calcium sulphate remains m 
solution. 
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and the vesselB used should, therefore, be shallow. On this account^ a con- 
siderable space is required to carry out the process with success. Of late 
years, however, numerous machines have been devised with the object of 
economising space and time, as also of obtaining a continuous flow of pure 
soft water. 

In the Jov/mal of ike Sotnety of Ghermcal Industry (1884, p. 61), J. H. 
Porter describes an apparatus which is known as the Porter- Clark machine. 



Fig 8. — System of reservoir and tank filtration. 
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Since that was published, Messrs Porter & Sons have introduced several 
modifications. One form, representing a “system of reservoir and tank 
filtration,” is shown in Pig. 8. 

The tank, A, on the left is used for dissolving the lime or other reagents 
necessary to soften the water. The longer tank, B, consists of mixing chamber 
and filtering compartment. In the latter, the series of pendent filtenng mats 
and cloths have their perforated pipes connected bv a main pipe. When the 

soften^ water has to be raised to a higher level, 
the main pipe is connected with a pump, 0, as 
shown in Ihe figure. The filtenng mats are made 
of cocoanut fibre, and covered wi-^i closely-woven 
twilled cotton cloth Each set may be readily 
raised and cleaned without necessarily stopping 
the progress of the operation The water is 
supplied to the two tanks by the pipe, E It 
flows mto the mixing chamber along with a regu- 
lated quantity of the necessary reagents at the 
point, D. 

In a valuable paper entitled “Recent Improve- 
ments in the Treatment of Water for Techmcal 
Purposes,”* Macnab and Beckett descnbe an 
apparatus invented by Messrs Gaillet & Huet, 
which is known in England as the Stanhope 
Purifier. In the majority of cases treatment 
with a mixture of lime and caustic soda is found 
most suitable, although, of course, other reagents 
may be used when required The following de- 
scription is taken from the above-named papoi — 
In the annexed diagram (Eig. 9) the same letters 
refer to the same parts in both figures. A is a store tank contammg caustic 
soda solution of 46“ Tw. (sp gr 1‘231); B is a tank reoeivmg the water 
to be treated, which is maintained at a constant level by means of a valve and 
float 0 and C are two tanks for use alternately, in which the hme water is 
prepared, a measured quantity of caustic soda being added at each tune of 
charging, thia mixture constitutmg the reagent. D is a small tank for main- 
taining a constant head of reagent. E is flie clarification tank m which the 

* Journo of the Sog, Ckem. Induetryi 1886, p 267. 



Pig. 9. — Stanhope purifier. 
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decantation is accomplished, and which will presently be referred to in detail. 
F IS a large pipe in which the mixture of water and reagent takes place. G is 
a pipe in connection with cocks for drawing off the sludge as it accumulates in 
the angular spaces m the clarification tank At H are the pipes provided with 
graduated quadrants for conveniently adjustmg the quantities of water and 
reagents. I is the delivery pipe for the softened water The clanfioation 
tank, E, contains a number of thm diaphragms or shelves of a V shape, 
inclined at an angle of 45“, as shown by the dotted lines ; these are riyetted 
alternately to the two opposite sides of the tank, and their position forces the 
water to take a serpentine course through the tank. A bed of wood shavings, 
contained between wire nettmgs, m the positions indicated by the two lines 
of nvets near the top, serves as a safety filter to stop any particles which have 
escaped subsidence The water supplied to the apparatus at B is conveyed by 
a pipe to H, where it flows into the mixing pipe along with the reagent from 
0 and D, the quantities bemg regulated by the cocks at H. The mixture of 
the water and reagent being ^ect^ by fallmg together mto the funnel of the 
pipe, F, precimtafion at once commences, and the whole, travelling down the 
pipe, enters the danfication tank by a branch pipe near the bottom, whence 
it rises m a serpentine course to the top, whilst the clear and softened water 
overflows into iie delivery pipe at I The precipitate on settling out finds its 
way down the inclined shelves to the angular spaces connected with the sludge 
cocks, by opening which the mud is removed without interrupting the process. 
The whole operation is thus a continuous one, and the labour involved consists 
in discharging the precipitate by opening the sludge cocks about once a day, 
and m the preparation of the reagent at long mtervals. In place of the two 
hme tanks, a simple automatic apparatus is sometimes employed for preparing 
the hme continuously 

Archbutt and Deeley have described, in the Jowrnal of Hhe Soc. Gliem. 
Industry (1891, p 611), a methdd of purification, which, at a comparatively 
small cost, has given excellent results. Smce that time, however, an improved 
method of mixmg the water with the reagents has been introduced. The 
process is earned out in plain tanks, but owing to the rapid method used of 
mixing the reagents with the water, and the subsequent treatment which the 
mixture receives, the precipitate is caused to settle very quickly, and only 
compBiratively small tanks are required. A special feature of the process 
consists m mixing the mud from the bottom of the tank obtained from previous 
operations with Qie water and the necessary reagents. This is found to have 
a remarkable effect m promotmg the rapid subsidence of the precipitate 

The accompanying diagram (Fig 10) shows the elevation and plan of a 
purifier capable of softemng 10,000 gallons per hour. It consists of a cast-iron 
tank, divided mto two equal parts by a transverse partition The two tanks 
thus formed are fitted up exactly in the same way, the processes of filling, 
softenmg, and clarifying being carried on m one, whilst the softened and 
clarified water is bemg drawn off from the other. 

Hard water is admitted to either tank by means of the supply pipe (1), 
which IS connected up to a pump or mam. The water is run up to the level of 
a gauge mark on the side of each tank While the tank is filling quicklime 
and sodium carbonate, m proportions which depend upon the character of the 
water, are weighed out and boiled up with water m the small reagent tank (2) 
Some waters require also the addition of a little alummo-fernc sulphate, which 
is best added m solution direct to the tank immediately after the other 
mgredients have been run m When the large tank is full, and the inlet valve 
has been closed, steam from the boiler is admitted to the blower (3), causing a 
current of water to circulate through the rose (4), the three-way cock (6), down 
the vertical pipe (6^, and back mto the tank through the perforations m the 
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tt^er row of homontal pipes (6). On opening the small tap (7), the prepared 
solution IS slowly drawn into the circulating current, and thus diffused 
t^oughout the body of water in the tank The cook (8) is next opened to 
^mit air through the pipe at the top of the blower, and by reyersmg the 
toe^way cock (6) the air is forced through the perforations on the under side 
ot tUe lower row of pipes (9) From these it rises in streams of bubbles, 
stirring up much of the precipitate produced in previous operations. In 



Fig. 10. — Purifier (Elevation and Plan). 


way the new precipitate, which is very finely divided, combines mechanically 
with the coarse particles of the mud, and subsidence of the precipitate is 
thereby greatly accelerated. 

After the blower has been in operation for about ten minutes the steam is 
turned off, and in about an hour the water becomes so clear that at a depth 
of 6 feet it will not contain on an average more than 1 gram per gallon of 
suspended matter If the mud is not stirred up, as above indicated, the 
precipitate takes six hours or more to settle to the same extent. 
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Water sof^ned at the ordinary temperattire (especially if magnesium salts 
are present) after a period of about 24 hours (less if the temperature is higher) 
IS liable to form a further small deposit of nne mud, consistmg essentially of 
calcium carbonate and magnesium hydrate. This small deposit has bttle or no 
tendency to form a hard encrustation on boiler plates j but it may produce 
mischievous effects m feed pipes, injectors, clack boxes, &c. Arohbutt and 
Deeley have entirely overcome this difficulty by slightly carbonating the 
softened “water This is effected by impregnating the softened water in its 
passage to the storage tank with the gases given off from a coke stove. 

Fuel gas from the coke stove (11) is forced continuously by means of a 
small steam blower (12) into the upper end of the doatmg discharge pipe (10), 
and being caught by the descending current of water (which, m flowmg down 
the pipe IS reputedly splashed upwards by baffies fixed at mtervals along the 
bottom) IS earned along with the water through the ball tap (14) fixed over the 
small supply tank, into which the softened and carbonated water falls, whilst 
the residual nitrogen, (fee , of the fuel gas escapes into the air. A gauge mark 
on the side of the softenmg tank, about 2 feet from the bottom, indicates the 
level below which the water is not drawn off Shortly before the water reaches 
this level the further descent of the discharge pipe is stopped by a “rest” fixed 
on the bottom of the tank. 

Methods for the analysis of water are given m Part XI. 

Fuiifioation of Refuse Water, — Of late years much attention has been given 
to the purification of trade effluents ; but the problem is still one of consider- 
able difficulty. In dye-houses where so many different operations are earned 
out, the composition of the waste water vanes greatly from hour to hour At 
one time it may be acid, at another alkaline. It may be heavily charged with 
impunties, or it may be comparatively clean water. Although often highly 
coloured, waste waters from dye-houses are not very obnoxious. They are 
generally free from any considerable quantities of materials capable of 
producing putrefaction. The worst waters, as a rule, come from the scourmg 
department, and these are often treated separately for the recovery of the 
fatty matter. Refuse waters from dye-houses contain many substances 
which neutralise and precipitate one another ; for example, dyestuffs, 
tannins, and metallic salts; soda, lime, and sulphuric acid If sufficient 
space be available for a series of subsidence tanks, the effluent, after the whole 
of the waters have been mixed and allowed to settle, will often be found to 
contain but httle unpunty. Generally speakmg, however, it will be necessary 
to employ some precipitating process. Lime is almost invariably used in con- 
junction with one or more of the following substances • — ^magnesium chloride, 
aluminium sulphate, ferrous sulphate, feme sulphate, feme chloride At the 
large dye-works of Messrs. Spindler* near Berlin, where 10,000 cubic metres 
(about 2,200,000 gallons) of waste waters are treated daily, lime and magnesium 
chloride are used as precipitating agents In the Proceedings of the Institute 
of Gvoil Engineers \ (1895, p. 123), W Naylor described a plant used by 
Stanning & Sons, of Leyland. The bleach and dye-liquors, dong with the 
wash waters, are mixed with lime and alumino-femo sulphate m a channel 
on their way to the precipitation tanks in which subsidence of the suspended 
matters takes place The almost clear liquor is conducted away from the top 
of the tanks by floatmg arms, and the sludge is removed by a Shone ejector, 
into which it gravitates A volume of 500,000 gallons is dealt with daily, this 
bemg the combmed capacity of the tanks. The quantity of alummo-fernc 
sulphate used per day amounts to 466 lbs 

In a paper entitled “The Purification of the Waste Water from Pnnt- 

* Joui'iu Soc I^era and Gel , 1889, p 164. 

+ Joum, Soc, Ch&m, Ind,, 1896, p. 46, 
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works,” R J. Flintoff * desonbea an arrangement for treating 20,000 gallons 
of waste water daily, giving 36 honrs complete quiescence, or 60,000 gallons 
with 16 hours rest. The plant consists of three precipitating tanks, each 
30 feet long, 12 feet wide, and 9 feet deep; four effluent filters, each 28 feet 
long, 14 feet wide, and 3 feet deep, two sludge filters, each 28 feet long, 
20 feet wide, and 3 feet deep ; and two sludge tanks, each 20 feet long, 8 feet 
wide, and 8 feet deep. The sludge filter is composed of cmders, clinkers 
being placed at the bottom, and the filter filled up with strata of particles 
of decreasing size. Cinders or gravel may also be used for the effluent filters, 
but Fimtoff prefers feme oxide obtained from burnt pyrites in the manufacture 
of sulphuric acid. The oxide of iron is covered with gravel about the size 
of peas, and finally a layer of sand about an inch deep is thrown over the 
gravel Instead of keeping the soapy waters separate, FhntofF prefers to run 
all together with washing waters as well through the purification arrangement 
The water is run into one of the sludge tanks where much of the insoluble 
matter subsides, and the fatty scum which collects is retained. The liquid 
from this tank, taken from a point between the scum and sediment; is directed 
into one of the precipitating tanks, and when full treated with a precipitant, 
the water being sent into the next tank. The water in the tank to be treated 
is thoroughly mixed by f orenm aor through a pipe for that purpose A sample 
IS withdrawn and tested. H acid, imilk of lime is added until alkaline 
A solution of basic ferric sulphate, containing 5 to 10 per cent aluminium 
sulphate is th6n slowly poured m until a precipitate forms m large flakes. 
This IS ascertained by taking samples in glass cylinders. The pumping is now 
stopped, and the tank allowed to remam at rest for a period of 16 to 36 hours 
as required The water is treated the same way in the other tanks in turn. 
When the third tank is bemg filled the contents of No. 1 tank are run on to 
the effluent filter. So that, at any given time, one tank is bemg filled, one 
standing, and another discharging its contents on the filter. The sludge tanks 
require emptying once a fortnight, but the precipitating tanks need only to be 
“ sludged " out once every two or three months. 

The Archbutt-Deeley ” apparatus for softening water, described on p 83, 
forms a plant emmently adapted for the purification of trade effluents It 
IS made by Mather & Platt, Limited, and many dyers, bleachers, and calico 
printers in Lancashire, Yorkshire, and Scotland liave adopted the system. 
In the Journal of the Society of Dyers (md Golownsta (1896, p 219), a 
descnption is given of this process in treatmg the refuse waters from the 
dye and bleach works of Mr Joseph Jackson, Smedley, near Manchester The 
reagents used were milk of lime and a solution of ferrous sulphate By means 
of two tanks, each havmg a capacity of 40,000 gallons, the waste water was 
purified at the rate of 20,000 gallons per hour. 

* Jourru Soc. Dyers and Col , 1897, p. 99. 
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WASHING AND BLEACHING. 

As they come into the market the textile fibres are always in a more or lees 
impure state, and the foreign substances adhering to them have sometimes to 
be removed before they can be manufactured, as is the case with wool ; or they 
may be removed from the material m the manufactured state. 

The object of washing and bleaching is to remove these impurities, as well 
as any substances which may have been used m the process of manufacture, 
either for the purpose of facihtatmg the spinning or the weavmg — e g , oil for 
the spinnmg of woollen and worsted yams, and animal or vegetable size for 
strengthening the warps in weaving 

The materials employed and the processes used for the cleansing or washing 
and bleaching of the different textile fibres vary considerably according to the 
nature of the fibre, and will consequently be described separately for earn. 


WASHING AND BLEACHING OF COTTON, 

This may either be effected before spinning, or in the yam or in the piece ; 
moat cotton goods are bleached m the piece 

Crude cotton contains, besides hygroscopic moisture, about 6 per cent of 
impurities, most of which are insoluble m water, but soluble in alkalies or acids 
By boihng cotton in soda ash for seven or eight hours, and addmg excess of 
dilute sulphuric acid to the resulting dark brown hquor, a copious, light brown, 
flocculent precipitate is obtamed, while the hquid remams nearly colourless. 
This precipitate, which contams the principal impurities in the cotton, has been 
made the subject of a careful study by E. Schunck When dried it forms a 
brown, brittle, hom-like mass, translucent at the edges, which leaves, when 
incinerated, 2 3 to 6*9 per cent, of a light yeUow non-aJkaline ash. By suit- 
able treatment, Schunck was able to isolate from this residue the followmg 
substances — 

1 A wax-like body, which he called cotton strongly resembling the 
wax obtained from the leaves of the Oarnauba palm It is hghter than, and 
insoluble in, water , but soluble in alcohol and ether. It has a waxy lustre, 
IS translucent, friable, and does not soften when kneaded between the finger 
and thumb. Treated with boiling dilute caustic soda, it melts without dis- 
solving, and the filtered hquid gives only a tnflmg precipitate with acid. 

The fact that raw cotton, or materials made from it, are so difficult to wet 
out is probably due to the presence of a thin coating of this peculiar wax on 
the surface of the fibres. 

2 A fatty acfid^ which melts at 66‘5'’ 0, and which appears to be either 
marganc or a mixture of stearic and palmitic acids. 
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3. Two nitrogenona, amorphous, brown colourvng mattersy one of which is 
easily soluble, the other spormgly soluble in alcohol The darker shade of 
colour, -^een m the so-called “ nankm ” cotton, is probably due to a great 
excess of these colounng matters existing m the fibre. 

4. PeQt%G adc!^ which was obtained in the form of a light yellow amorphous 
substance resembling gum or gelatme. It dissolves in water to a clear and 
colourless solution, which reddens blue litmus. The substance is precipitated 
from its aqueous solution by acids and most metalho salts Its compound with 
ammonia is precipitated from aqueous solution by neutral salts like sodium 
chloride or ammonium chloride. 

6 Albummoufl matter. 

Of these various bodies, the pectic acid exceeds the others m quantity ; 
then follow the colounng matters. The three other constituents are present in 
extremely minute quantities only {Schwnok) 

The aqueous extract of raw cotton has been exammed by Lester.* It 
IB a brown deliquescent substance, and is present in amounts varying 
from 1;J to 2 per cent of the weight of the fibre. When extracted with 
benzene, raw cotton yields 0*5 to 1 per cent, of a brown wax-hke substance. 
Raw cotton also contains about 1 to 2 per cent of ash, most of which is 
removed in the process of bleaching. Schindler found in raw Egyptian 
■cotton 0*25 per cent, mtrogen, which would correspond to about 1 6 per cent, 
albuminoid substance. 

The removal of these various impurities is effected by the process of 
hleaching, which was origmally effect^ by steepmg or boilmg the goods m 
potash, and then leavmg them spread out on the grass. The effect of the 
alkaline treatment was to remove the bulk of the impurities, the remaining 
colounng matter being destroyed by the ]omt action of light and air Lime, 
soda ash, or caustic soda have now taken the place of potash in the first treat- 
ment, which is technically known as “bowkmg” (Germ, BWuchen), while for 
the destruction of the colourmg matter the more convenient treatment with an 
artificial oxidismg agent (usually bleaching powder) has superseded the ex- 
posure to light Another operation to which cotton goods are subjected during 
the bleaching process is that of “sourmg,” which consists in a tieatraent with 
cold dilute sulphuric or hydrochloric acid, and which usually follows the lime 
boil or the treatment with bleaching powder (chemicking) In some of the 
modem processes of bleaching, a treatment with cold or hot acid precedes the 
other operations. 

It IS commonly supposed that the strength of cotton goods is shghtly im- 
paired by the process of bleaching But although this is frequently found to 
be the case, it has been conclusively proved, by means of quantitative measuie- 
ments, that a well-conducted bleaching process actually mcreases the toiibile 
strength of cotton goods. 

RAW OR LOOSE COTTON 

Loose cotton intended for spinning is seldom bleached, since thcie is little 
demand for this article The processes employed for the purpose must be such 
as not to impair the spmnmg properties of the fibre, and it is consequently 
essential that its natural lubricant, the cotton wax, should not be removed 
Any undue mattmg of the fibres, especially in the alkaline treatment, should 
also be guarded against The latter difficulty can be obviated by the use of 
apparatus like that of Obermaier, which are constructed for the dyeing of loose 
cotton, and which mav be covered with lead mside to prevent the action of the 
reagents used in bleaching. 

' • Jownx, Soc, Ghem, Ind., No. 6, 1902. 
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the following process, whioh, he states, 


gives 


Saasone * recommends 
excellent results : — 

1 Ole cotton is first worked until thoroughly impregnated in a hath of 

2“ OBxhoZe. and standn^ at 

+,^ ^ vT^' *lioroughly impregnated, when it is allowed to steep forfcee 

to four hours, or even overnight. It is then taken out, left to dram, and washed. 

It is^en traMferred to a bath containing bisulphite of soda at 2° to 3“ 
Tw., worked for an hour, and washed. au ^ to o 

If the cotton m ^t perfectly white the operations may be repeated 

Accordmg to J. Persoz t good results are obtained in bleaching loose cotton, 
sliver, or very fine yarns by the process of Leblois, Pioem & Oo The proce^ 
consists essentially of two treatments, viz.-— (1) Extraction with very weak 
soda lye or even water only ^2) treatment wi4 a solution of hypochlorite of 
soda. This latter is obtain^ by grmdmg bleaching powder with an equivalent 
quantity of fustic soda. The clear solution is used at a strength of fto i per 
cent, available chlorine. 4. t f 


In the bleaching of cotton (principally cotton waste) for gun cotton or for 
cotton wool,J much more drastic treatment is permissible The material is 
usually first extracted with benzine or some other suitable solvent, boiled with 
caustic soda and resin soap, and then bleached with bleaching powder. It is 
subsequently soured and washed until neutral. 


COTTON YAEN. 

When it IS to be dyed subsequently in dark colours^ cotton yam is simply 
boiled in water or allowed to lie over night in soda ash for the purpose of 
removing the greasy impurities, which would otherwise render the even 
wetting out of the fibres difficult. 

For the bleaching of cotton yam a more complicated process is necessary. 
The principal operations are : — Boxlvng in caustic soda or soda ash ; hleachvng 
in chloride of lime , sourvng m hydroohlono or sulphuric acid j and, lastly, for 
white yarn, washvtig and hluevng. This is, in principle, the method adopted in 
nearly all bleaching processes, but the details (strength of solutions, duration 
of treatment, &c ) not only vary in different works, but in one and the same 
works, according to the qualitjr of the cotton and the yam to be bleached. The 
harder the twist the more difficult is the yam to bleach, and with hard spun 
Egyptian yarns it is necessary to repeat some of the operations 

The addition of a small amount of soap or Turkey-red oil to the contents 
of the kier has the effect of removmg the waxy impurities, thus causing 
more rapid and thorough wettmg out, and giving nse in most instances to 
a better bleach 

The following particulars may be taken as typical : — 

1. Boil G to 12 hours m low-pressure kier in soda ash (4 per cent, of weight of yam). 

2 Wash in open vessels ; 2 turns 

3 Ohemiok, 2“ Tw , 6 to 8 hours in oiroulating oistem 

4 Wash in oistera with water , 10 minutes 

5. Sour m another cistern for 15 minutes with sulphuric acid at to 1® Tw If iron 
stains are present, use hydroohlono acid of the same density instead of imlphurio 
acid Run ofi sour. 

6 Wash in cistern , 3 waters. 

7. Soap, hydro-extract, and dry. With twofold yams use blue m the soapmg 

Foi small lots the following process gives good results — Boil two to three 
hours with caustic soda of 2° Tw and 2 per cent, soap , wash, steep for one to 

* Dyeing, p 46 t Jury’s Report on the Pans Exhibition, 1889. 

t See also F. B. Kilmer, Joum, Soc Ohem, Jnd , 1904, p 967. 
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two hours in chloride of lime at 1“ Tw.; waah and sour in hydrochloric acid 
at 2° Tw.j steep one hour j wash and soan „ , . , 

The with soda or caustic soda is usually eSeoted m open or .ow- 

pressure Hers, but in some works high-pressure Hers, similar in constru^on 
to those used for pieces, are preferred. On the other h^(^ low-pressure Hers 
are frequently used for pieces, especially in “market bleaching. JJIg. 11 



Fig. 11. — ^Low-presBure bleaching kier. 


shows the general appearance of a low-pressure Her, part of the lid being 
Ken n order to show the puffer pipe in the intenor It is constructed 
to work at I pressure of 6 lbs. men filled with yarn, the liquor (soda ash or 
caustic 8oda)?s run in from above, the hd screwed down, and st^m turned on 
at the valve The steam passes through the injector, B, at ^e bottoin of the 
Her drawing with it the hquor wHch has collected imdemeath the false 
THs is thuf forced up the pipe in the centre, and showered 
through which it percolates and collects again under tlw false bo^in D is 
’'Md. ae hquor » lot off b, the ™1 to, E, when Ih. 

^^^TChe^'^emicking, souring, and washing off are usu^^ done in a simph 
arrangement (Fig. 12), by means of which much hand labour is saved. 
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consists of a stone or wooden cistern, A, provided with a false bottom, into 
which the yam is laid or packed eveiily, so as to insure an even ciroulation. 



Fig. 12. — Cistern for yam bleaching. 


The liquor with which the yam is to be treated is raised by means of a centri- 
fugal pump from a well below the floor line in which it is stored, and caused to 



Fig. 13. — ^Mather & Platt’s improved arrangement for yam bleaching. 


be thrown over the goods, through a perforated wooden tray. After percolat- 
ing through the goods it accumulates below the false bottom, and flows back 
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Ist Operation, Singeing. 


2nd 

3rd 

4tli 

6th 

6th 

7th 

8th 

9th 


Grey washing. 

Boiling with lime under pressure. 
Treatment with weak add. 

Boiling with resin soap under pressure. 
Boiling with soda ash under pressure. 
Treatment with chloride of lime. 
Treatment with weak acid. 

Final washing and drymg. 


From this it will be seen at a glance that the bleaching of cotton pieces i 
SL more complicated process than the bleaching of yam. This arises from th 
fact that m cotton yam we have simply the natural impurities of the cotto] 
fibre to deal with, no additions bemg m^e during spinning In cotton pieces 
however, we have, in addition to these, the accidental impurities, such a 
grease from the machinery, finger marks, but pnnoipally the constituents c 
the size almost invariably employed for strengthenmg the warp befor 
weaving The size used for this purpose may contain a large variety c 
'Substances, such as farina (starch), soap, tallow, paraffin wax, kc Sma 
< 3 [uantities of lime soaps, compounds of copper, iron, and earthy matters ma 
also be present m the material. Some of these impunties are removed b 
water alone, others by alkahes and soap, and the rest, with the exception c 
the natural colouring matter of the cotton, by acids The removal of th 
natural yellow colouring matter of the cotton, or the bleaching proper, is usuall 
effected by means of chloride of lime. Mineral oil stains and paraffin wa 
(unless accompanied by a certain proportion of natural fat or oil) are, howevei 
not removed by any oi these treatments, and are frequently the cause of grea 
trouble to the bleacher, dyer, and finisher. For their removal in the proces 
of bleaching, Ed. Sohweizer* recommends boiling the goods with soap an 
aniline oil, using the latter in the proportion of 12 to 16 litres for ever 
200 pieces, or the goods may be boiled for hal f an hour with 100 grms. anihn 
oil per litre of olein soap In place of aniline oil, phenol can be used in th 
proportion of 6 kilos, phenol per 2,000 kilos of pieces. 

Marking a/nd StitcJmig , — ^When brought to the works, the goods ai 
deposited in the grey-room, where they undergo the preliminary operatio 
of marking wdth W or some other indehble coloured substance for the jpurpoe 
of recognismg the various lots afterwards and of tracmg faults. They ai 
then stitched together, end to end, by means of specif sewing machine 
(chain-stitch), and pass from the grey-room through guides or “ pot-eyes ” ini 
the bleaching croft m continuous rope form, which shape they retain througl 
out the bleadbmg operations 

S^ngeim ^. — Ttns operation is generally employed for those cotton gooc 
which are afterwards to be printed ; but it is also used extensively for othc 
goods, such as unions, linmgs, corduroys, &c. The object of singeing is 1 
remove, as far as possible, all the loose hairs from the surface of the cloth, an 
thus give it a clean face. 

Singeing is effected in three ways, viz. • — 


1. Plate-singeing. 

2 Singeing with revolving rollers. 

3 Gas-smgemg. 


*Joum, 8oc, Dyera and Ool,, 1896, p. 209. 
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In plate-singeing the pieces previously stitched together, end to end, in the 
grey-room are drawn at a rapid rate over two arched copper plates, P, P, which 
are kept at a red heat by direct fire, and thence through a water trough, T, to 
extinguish sparks. 

An improvement on the old-fashioned plate-sin^mg arrangement is the 
patent traversing movement of Messrs. Mather & Platt, which is shown in 
Fig. 15, and on an enlarged scale in Fig. 16. In the older arrangements the 
pieces are depressed against the plates by causing them to pass underneath a bai 
or rail between the two plates A serious drawback to this system is the fact 
that the cloth touches in its passage only one part of the plate, which is thereby 
rapidly cooled. To keep up the heat at this place of contact a large amount 
of fuel is wasted, and the portion of the plate not touched becomes unnecessarily 
hot, its life being thus considerably shortened In the traversing arrangement 
the rails which depress the cloth on to the plates are continu^ly moving tc 
and fro and this enables the whole surface of the plate to be utilised. Tht 
working of the system will be sufficiently clear from the figure. 



Fig. 16. — Traversmg movementt 


The rate at which the pieces pass over the plates is regulated by adraittin 
more or less steam to the donkey-engine driving the rollers. Union goods ai 
usually beamed off the singe-plates. A hood, indicated in the figure by doLte 
Imes, serves to carry away the burnt products 

In the roller singemg machme, the plates are substituted by a hollow ca? 
iron cylinder, R (Fig 17), which is flanged at each end and rests with its llang 
on toothed rollers. A, A, which are caused to revolve slowly by the worms, W, V 
The cylinder is thus caused to revolve slowly in a direction opposite to th 
followed by the pieces The whole flame of the furnace passes through tl 
roller into the flue on the other side, heating it to a uniform red heat T 
such an arrangement the pieces come into contact with a continuously ronewi 
surface of the roller and the singemg is more regular Besides this, the piec 
can be singed twice on the same side in one operation. The course of t 
pieces is shown in the figure by arrows 

Smgeing by means of gas is more convenient, but more expensive, tb 
either of the foregoing methods, and is necessary for figured goods, corduro;j 
&c, on account of the unevenness of the surface Formerly the flame w 
drawn right through the material, and this method, though having be 
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abandoned, 'since it was found to impovensh the fabrics, has recently been 
re-mtroduced (see below). In the present system of gaa-singeing, the pieces 
are passed over rollers of small diameter while being exposed to the action of 
a Bunsen gas flame, thus causing the “ nap ” to stand out as much as possible 

Figs 18 and 19 show two different arrangements for singeing by gas In 
the first, the pieces, after having passed over the rails, R, pass under the nap 
roller, N, directly underneath which there is a row of Bunsen burners. 
Thence they pass under the second nap roller, N^, to another row of Bunsen 
bumer-j, which are so placed as to singe those parts left in between the burners 
of the first row. 

In the second arrangement a similar principle is adopted, but the material 
is brought twice into contact with the same flame The burnt products are 
drawn off by the hood, H, which runs across the whole breadth of the machine. 

The gas, previously mixed with the necessary quantity of air for its 
combustion, is supplied to the burners under pressure from a Root’s blower. 
By this method a higher temperature is produced than with the ordinary 
Bunsen flame, and a considerable saving in gas is said to be thus effected. 



Fig. 18 . — Gas-singemg. 



Fig 20 shows the construction of a double gas-singeing machine, invented 
by F Binder, and made in this country by Mess'S. Mather & Platt. To the 
right, Fig. 21, is shown an enlargement of the burner and exhausting chamber. 
In this the old principle of drawing the flame through the cloth has been re- 
introduced, but it IS claimed for it that the drawback of impoverishing the 
doth is done away with whilst the nap is thoroughly removed from the surface, 
and at the same iame great economy in gas is effected 

The doth in being singed passes across a slot, S, in the underside of an 
exhausting chamber connected with a fan, F, and the flame from a burner, B, 
below IS gently drawn through the doth by a current of air. To prevent over- 
heating of the exhausting chamber, the latter is surrounded by a water-jacket 
through which a current of cold water flows In the machine shown in the 
figure, both sides of the cloth are singed in one operation 

Cotton, mercerised cotton, worsted, and spun silk yaims are frequently 
singed or “gassed” for the purpose of produemg a clean yam — ie., a yarn 
free from loose fibre on the surface — by passing them at a 1 apid rate through 
gas flames. The singeing of worsted yarns is known as “ genapping.” 
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Grey Washing , — ^Thia operation is sometimes omitted, not being absolutely 
necessary. It consists m passing the goods coming from the smge house 
through water in an ordinary washing machine and then allowing them to 



lie in a heap over-night. The result is that some of the matters soluble in 
water are removed; the matenal becomes thoroughly wetted, and much of 
the starchy matter becomes soluble in consequence of a fermentation which 
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ets in and which frequently manifests itself through a considerable rise in 
emperature in the goods, 

lime-hoU, — In this operation the goods are subjected in kiers (large 
sylindrical vessels of wrought iron) to the action of lime-water, generally 
it a high temperature and under pressure. In all the various systems of 
ners, the lime-water is caused to circulate continuously through the goods 
during the operation, and this is effected in various ways. 



Fig 22. — ^Injeotor-kier (Mather & Platt) 


The kier in most common use among bleachers is the mjector-kier (see 
Figs 22 and 23) j so-called because the circulation of the liquid is effected by 
means of a steam injector. The steam, which is turned on at the valve, A 
(Fig 22), passes down to the bottom of the kier and through the injector, J, 
drawing the liquid through the pipe, P, from beneath the false bottom, and 
forcing it up to the top through the upright pipe, whioh conveys it through 
the nozzle, N, back into the kier again. Water is supplied through the 
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pipe, E (Fig. 23), liquor from the pipe, D, while C is the waste-pipe, which 
can be opened or dosed from the working floor by the handle, Y. 

Kiers are uarially constructed for quantities of cloth varying from 600 to 
3,600 lbs., the diameter ranging from 1 3 to 2*1 metres, and the height from 
1'8 to 3 metres. In some cases they are made larger, 

. In working, the calico to be bleached is first passed through TnilTr of lime, 
which IS made of such a strength that the material takes up about 4 per 
cent, of its weight of lime (OaO). The milk of hme should be passed Ihrough 



Fig 23 — Section of mjeotor-kier, 

a sieve before use, in order to remove small stones, (fee. The cloth is then 
packed evenly into the kier by boys, who fold it with short sticks, and then 
press it down by treading on it The necessary amount of water is then run 
in , and, after the air has been got nd of by blowing in steam for a short time, 
the Ider is closed, and the boilmg is conducted under pressure. 

The hme kiers are whitewashed from tune to time on the inside m order to 
prevent the material getting rust stains by coming into direct contact with the 
iron 
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After the lime-boil the liquor is allowed to blow so that it is necessary 
jO fill the Her as rapidly as possible with cold water before taking the pieces 
Dut If this IS omitted, the lime-water dries on the fabric where the latter 
touches the hot walls of the Her, and becomes so concentrated in those places 
that it is but incompletely remov^ in the subsequent souring. 

The impregnating of the pieces with milk of hme previous to their entering 
(he Hers is effected in a machine similar to a washing machine (Fig, 24). The 
same or a similar machine serves for chemicking and souring. 



Fig 24. — Washing maohme for pieces in rope form (Mather & Platt). 


The chief effect of the lime-boil is to decompose the fatty and oily matters 
contained in the pieces The fatty lime soaps which are thus formed adhere to 
the fibre, but are completely removed in the subsequent processes In addition 
to thus, starchy and other soluble matters are removed, and the natural im- 
purities are so chemically changed as to be more easily eliminated in the 
subsequent processes. Tne colour of the material is actually darker after 
the lime-boil than m the grey. This is especially noticeable in goods made 
from Ecrvotian cotton. 
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On coming from the Her the goods are washed in washing machines for the 
purpose of remoymg the soluble impurities and as much of l£e lime as possible 
before passing on to the next operation. 

The waahmg is effected in a machine like that shown in Pig. 24, which is 
constructed to take two strands at once. The pieces pass in at each side 
through the pot-eyes, between the wooden bowls, round the roller at the 
bottom of the trough and up again through the bowls, and so on, being 
guided in their course through the machine by the wooden pegs shown in 
the figure. Both strands lea^e the machine at the centre on the side opposite 
to that on which they enter. 

The foUowmg treatment with weak acid is known as the grey sott/r or first 
Bowr^ and consists in running the goods through sulphurio or hydrochloric acid 
at 1* to T Tw. in a machine similar in construction to a washing machine* 
The souring is done cold. 

The effect of the grey sour is to decompose the lime and other insoluble 
soaps on the fibre, and to remove metaUio oxides (iron stains, <feo.). The free 
fatty acids which result from the decomposition of the insoluble soaps remain 
on the fibre, but are readily removed in tiie next operation. 

The Fvrat cmd Second Lye^oUs — The goods are now boiled twice with 
soda^ generally in high-pressure kiers of the mjeotor type (see above) 

In the first lye-boil they are treated with 5 to 6 per cent, of their weight of 
soda ash, and to 2 per cent, of resm previously dissolved by prolonged 
boilmg in the necessary amount of caustic soda or soda ash. Workmg under 
a pressure of 3 to atmospheres, ihe operation lasts from three to four 
hours, while with low-pressure kiers as much as twelve hours are requisite. 

The second lye-boil is earned out like the first, but soda ash alone is used 
(1 to 2 per cent, of the weight of the material). 

The effect of the lye-bods is to dissolve the free fatty acids left on the fibre 
after the grey sour. The effect of resin soap, which is only used for goods 
which have subsequently to be printed, is to remove certain constituents of the 
fibre which evince a sHght affimty for colouring matters, and which, if left in 
the fibre, would leave the whites dull in prmted goods. 

In some works the goods are boiled with soda alone previous to the treat 
ment with resin soap. Although not indispensable, Hummel considers this 
operation advantageous, since the last traces of acid left in after the washing 
following the grey sour are entirely neutralised, and the danger of tendermg in 
the subsequent lye-boil with resm soap is thus averted. The addition of a 
veiy small quantity of heavy mineral off m the lyo-boil * is said to economise 
bleachmg powder m the subsequent operation of chemicking. 

After the lye-boils the goods are again washed in the washing machine. 
At this stage the cotton Ims been freed from all the impurities soluble m 
water, acids, alkalies, and soap-emulsion 

Bleachvng — This process, also known as chemichwig^ has for its object the 
destruction of what remains of the natural colouring matters m the fibre It 
is effected by passing the goods through a dear solution of chlonde of lime or 
bleaching powder, standing at to T Tw. in a machine similar in construction 
to a washing machme. 

After leavmg the machine the goods are piled in a heap, and are preferably 
left exposed to the air for 12 to 18 hours before undergomg the next operation. 
This gives the chloride of lime time to act on the colouring matter, and it is 
assisted to a considerable extent during the exposure of the goods by the 
carbomc acid of the air, which liberates from it free hypochlorous acid ; — 
2CaOClfl + HaO + 00^ = CaCLj + OaCOa + 2HOC1 

* Mahien has also patented (German Patent No 61,668) the use of ooal-tar benzene 
for this purpose 
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The white eowr^ which now follows, effects the removal of the hme from 
the fibre For the white sour, either hydrochloric or sulphuric acid, at 1° 
to 2“ Tw., is used, and the operation is earned out in the same machine as 



Fig. 26. — Square beater washing machine (section). 

the grey sour. Some bleachers do not wash between the cliemick and white 
sour, so that when the goods come into contact with the acid there is con- 
siderable evolution of (Silorine, which acts energetically on any remaimng 
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oolouring matter. A slight economy in bleaching powder is thus effected, 
but it should be borne in mind that the treatment tends to produce oxy- 
cellulose. 

The bleaching proper is now finished, and the only operations which follow 
are the final waahmg in washing machines, the opening ouji and drying over 
copper cylinders. It is necesjaary that the fitial cashing should be carefully 
carried out, in order to remove the last traces of acid, which, if left in, would 


34 






render the fabrics hable to become tendered in the dr^g (see also p SO). 
For the final washing, the square beater washing machine, which is shown 
in section and in perspective in Figs 26 and 26, renders good service. 

The final washing and squeezing may also be effected m a machme like that 
shown in Fig. 27, in which the goods entermg the machine through a pot-eye 
pass between the elm bowls, B and B', of which B is driven by pulley, I>, 
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+ViB nine roUera, P, between the bowla again, and ao on in a spiral 
until they leave the machine at the other end, as mdicated by the 

oMinurinjr two bleaching processes are cited by Lauber {Hwn^, d 
p^tiL Thf Li IS that of John W wb\ch was in 

r -wit out'i^ grey washing machine ; allow to he for 24 hours ^d wash 
2 Ss through milk of Ume (400 grms. CaO for every 100 metres of 
1 - \ ^ 4-^1 liHle Drassure on the squeezers, so that the pieces can take up 

K i. P«*r.bU to take loo tonoh ttui loo littl. 
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1 f P n t.r..i.pilv liiiM-bml is the foundation of a good bleach; 
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i AO-r tl». M--ond ^^..sl,lng s-iucezo well, m order to 

[.n-k-iit ill*- •hlutij-n i.f 111" Allow to Ho three to four 

. N.iir in Miliihurii- mi'l at .1 to i"- 

\Vii..h l«ii-" Prom ‘l‘« wftHliing machine the pieces are led 

ufiiliJ'iii into tho kifi 
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7. Boil six hours in resin soap. 

8. Wash twice. Squeeze weU after the second washing. 

9. Pass through chloride of hme at to ^ Tw. Allow to lie in heaps 
of 20 pieces each until a good white has developed. 

10. WasL 

11. Pass through sulphuric acid at 3® Tw. Allow to lie for one hour, 

12. Wash twice and dry. 

The following is another but a more recent process : — 

1. Boil with lime for eight hours in high-pressure Iders at 2 atmospheres 
pressure. 

2. Wash twice 

3. Sour with sulphuric acid at Tw. 

4. Wash. 

5. Boil for 10 hours with soda (110 kilos, for 3,000 metres cahco) at 
2 atmo^heres pressure. 

6 Wash. 

7. Chemick with chloride of lime at to Tw. 

8. Wash 

9. Sour with sulphuric acid at 3° Tw. 

10. Wash three times and dry. 

Another process, in use in the works of Messrs Koechlin, Baumgartner 
it Co., of Loerrach, with BarloVs high-pressure kiers, before the introduction 
of the Mather kier, is as follows : — 

1. Lvme BoU , — Pass through milk of hme (260 grma. lime for each piece) 
and boil under high pressure for 12 to 24 hours, according to the size of kier 
employed. For one holding 500 pieces, 24 hours are required, but a better 
result IS obtained in 12 hours m a kier holding 250 pieces. Wash 

2. SoTi/r , — Hydrochloric acid at 3® Tw. Allow to he in acid for from six to 
eight hours. Wash twice in washing machine. 

3. Fvrst LyeA>oil . — Boil together for 10 hours 80 kilos, soda ash and 30 kilos, 
resm The pieees are boiled six hours under 60 lbs pressure with this lye, 
and washed. 

4 Second Lye-hoU » — Boil together for 10 hours 160 kilos, soda ash and 
60 kilos, resin. Boil the pieces m the kier with this lye 12 to 14 hours under 
60 lbs. pressure. 

Wai^L well in kier, then in washing machine 

6. Gh&fnich — Chloride of lime at J® Tw. AUow to lie six to eight hours. 
Wash. 

6. Sour , — Pass through sulphuric acid at IJ® Tw. Wash twice in waalung 
machine and dry. 

The mean duration of the bleaching process for goods to be prmted (madder 
bleach) is about five days 

Market Bleachmg. — ^For goods which come into the market m the white 
state, the bleaching process differs shghtly from that described for printed 
goods. The singeing is generally omitted, the lime-boil is frequently done m 
low-pressure kiers^ and soda ash is substituted for the resm soap in the first 
lye-boil In some cases, the goods are chemicked after the first lye-boil and 
again after the second After bleachmg, the goods are blued, either before 
or m the finishing In market bleaching, the chemickmg and sourmg are 
sometimes done in cisterns, as in yam bleaching The liquors are used over 
agam, and a saving in material, amountmg from 20 to 30 per cent , is thus said 
to be effected The finishing operations are of great importance m market 
bleachmg, and include starching, filling, dampmg, beetlmg, calendermg, 
chasing, &c , by which both the appearance and the feel of the material may 
be considerably altered. 
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Bleaching for Turkey Red. — For goods which are subsequently to be dyed 
Turkey red, a full bleach is not necessary ; in fact it is actually injurious, the 
treatment with chloride of lime preyentmg the production of a full bright red. 
This IS due, according to Luk]ano£^* to the presence of oxycellulose in the 
bleached cotton, which prevents, to a certain extent, the proper fixation of the 
mordants. The process generally adopted consists in giving the goods, after 
boiling with water alone, either one or two lye -boils with soda or caustic 
soda, after which they are soured with sulphuric acid, well washed, and dried 

Better results are said to be obtained by simply boihng once under pressure 
with caustic soda and Turkey-red oil. 


THEORY OF THE ORDINARY BLEACHING PROCESS. 

An exhaustive treatise on this subject was published by M. Albert 
Bcheurer m the Bulletin de la SocieiS mdustfnelle de Mulhouse in 1888.t 
According to this authority, the bleaching process takes place in two stages, 
viz. . — 

1 . The removal by saponification of the fatty matter, natural and acquired, 
from the material. 

2. The destruction of the colouring matter. 

In consequence of the protective influence which the fatty matter exerts on 
the natural colouring matters, it is of the first importance that saponification 
should take place as rapidly as possible. 

The fatty bodies adhering to cotton fabrics include, besides those natural 
to the fibre, those acquired during the process of manufacture, such as olive, 
cotton-seed, palm, rape-seed, and other vegetable oils, which are more difficult 
to saponify, though not so difficult as tallow. The author conducted elaborate 
experiments, with the object of determining the conditions in boilmg, favourable 
to the prompt and complete saponification of the vanous fatty bodies. These 
included trials with samples of unbleached, but wetted-out cloth, stained with 
cotton-seed oil, and with tallow, by treating them with various reagents at the 
boil and at 120" C. respectively. The experiments carried out at 100" with 
the caustic soda lye-boil, the soda, the resin soap, and alkaline-earth lye-boila, 
led to the conclusion that caustic soda saponifies the fats in half the time that 
soda does, and that there is little difference between the time taken by caustic 
soda of a strength of 5 gnna. and 10 grms. per litre to accomplish saponifica- 
tion. On the contrary, there is a great difference m the case of soda, and 
also in the case of a mixture of caustic soda and ream Caustic soda at 
6 grms, per litre and 2J- grms resin saponified the oil and the tallow in 
eighteen hours At 10 grms. per htre, and with the same amount of resin, 
only one-third of the time was requir^ Soda ash, 10 grms. per litre, and 
resin, 2J grms. per litre, did not saponify the fats any quicker than without 
the addition of ream. In the lime -boil, using 10 grms. lime per litre, the 
natural fats were saponified in six hours, and the tallow m twelve hours. 
With banum hydrate at 60 grms. per htre saponification is attained in three 
and a-half hours, but is not complete 

The experiments carried out at 120" G showed that, in order to obtain 
rapid and complete saponification, it is necessary to use either the lime-boil or 
the caustic soda and resin boil Although saponification was again incomplete 
with baryta,]: cloth boiled with it was much clearer than when boiled with 

* Joum. 8oc, Dyers and Col , 1886, p. 29 

t See also Joum. Soc Dyers and CoLy 1 889. 

t The use of strontium hydrate for boiling, m place of hme, has recently been patented 
in Germanv- 
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lime, owing to the solvent action of the former on the colouring matter of the 
cotton 

With regard to mixtures of 'fatty bodies and oils, vegetable and mineral, it 
was found tnat, when using soda or caustic soda lye-boils without resin, the 
tune required for saponification is lengthened, smoe there is then only slight 
emulsive action, the soap needful to exercise this action being formed in very 
small amount, and as quickly as it is formed becoming dispersed m the lye, 
and thus rendered too dilute to act. But by the addition of resin amounting 
to grms. per htre a sufficient quantity of soap is formed to emulsify the 
fats. 


The mvestigation covered also the action of the lime-boil on mineral and 
vegetable oil stains, the saponification of fatty bodies by ammonia soda, caustic 
soda, and various inixtures of the two. With the lime-boil at 120", the natural 
fats of cotton ore saponified in less than two hours, and taUow in four hours. 

From the results of his experiments, Soheurer gives as practical processes 
for the removal of fatty matters from cotton — 

1. A smgle boil with caustic soda and resin soap, preferably in the Mather 
Platt kier. 

2. A lime-boil, followed by a sour and a soda-ash lye-boil, this second 
process, from its reliability and adaptabihty, not being likely to become 
obsolete. 

Cotton mordanted with various metallic mordants was also submitted to 
the various operations of the bleaching process The mordants chosen for the 
purpose were pyrolignite of iron, ferric acetate, and the acetates of alumina, 
lead, tin, and magnesia. Boiled with lime under pressure, the magnesia was 
completely removed from the cloth, and only a trace of le^ was left, but the 
FeO, FegUg, SnOg, and AlgOg had more or less resisted this treatment. The 
amount of mordant retained was least in the case of bleached cotton, greater 
with bleached cotton prepared with Turkey-red oil and with unbleached, and 
greatest with bleached cotton oiled by the old Turkey-red process. Sourmg 
removed all the oxides except SnOj. 

By boiling with soda ash under pressure, all mordants were removed 


except iron. 

Ambuhl* gives the following figures for a sample of cotton 
had examined (1) in the grey, (2) after boihng in the kier, and 
thoroughly well bleached ; — 

® Free Fat Fatty Adds 



Per cent. Per cent 

Grey 1 0448 0*1369 

After boiling with oaustio and ash, • 0*1761 0 0923 

Bleached, . . • • • 0*0210 0 0433 


Per cent. 
1 6294 
0 2230 
0 0571 


The manner in which the hypochlorites act in bleaching proper is a subject 
which has not received that amount of attention which its importance would 
warrant, not so much from the point of view of economy t as from that of 
maximum efficiency, combined with the minimum of deleterious action on the- 
fibie. The usual explanation of the bleaching action of cHonde of lime ia 
to tlm effect that the calcium hypochlorite readily parts with its oxygen — 

Ca(001)3, = OaOl, + 0 + 0, 

which in the nascent state attacks and destroys the colouring matter of the 


* Joum Soc. Dyers and Col . 1903, p. 256 , , , ^ t 

t The average amount of bleaching powder required for obtaining a fuU white on 
cotton 18 about 1 per cent , which incurs a coat to the bleacher of lew than 7fl per ton, 
an amount which, when compared with 78 per ton m steam alone for each lye-boil, i& 
insignificant. 
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)r6 by oxidation, while leaving the fibre itself intaot. This explanation is, 
>wever, not quite correct, for in no case does the hypochlorite attack the 
louring matter only,* aunultaneous oxidation of the fibre substance taking 
ace to an extent which la in accordance with the degree of alkalinity of the 
eaching liquor. Since ordinary bleaching powder contains free lime, cotton 
eeped in its solution, without exposure to the air, is bleached but slowly, and 
invariably attacked to a greater or less extent by the time it is bleached, 
roas <k Bevan found the same to be the case with hypochlorite of soda, which, 
j successive additions of caustic soda, was found to become less and less 
fioient as a bleaching agent, and at the same time to attack the fibre more 
id more as the alkalinity increased For this reason, hypochlorite of soda, 
pepared by double decomposition from bleaching powder and soda ash, and 
aturally containing varying amounts of caustic soda, has frequently been 
Tongly condemned as on inef^oient bleaching agent. 

Free hypochlorous acid, on the other hand, is not only more rapid in its 
3 tion than its salts, but is also far less prone to attack the fibre. It is not 
srtam how far back the custom of many bleachers dates, to expose the goods 
Eter impregnation with bleaching hquor to the air, but it is likely that the 
eneficial action of this treatment was recognised, at least by some, soon after 
leaching powder was placed on the market. During the exposure of the 
oods containing the bleach solution, the carbonic acid of the air neutralises, 
d the first instance, the free lime and then attacks the hypochlorite, liberating 
pee hypochlorous add : — 

Ca(OH)j + COn = CaCO, + 

Ca(OCl)a + 00a + ^ 2H00l + CaCO„ 

ehich, being unstable, gives up its oxygen — 

HOCl = HCl + 0. 

Similar changes take place when yam or pieces are bleached in the cistern 
it the moment when the bleach solution is bemg showered over the goods. 

Yanous processes have been patented wii£ the object of imitatuig this 
irocesa ^ artificial means. Of these mention may be nuide of the processes of 
Vlather-lSiomflon, Lunge, and Sumner & Hadfield, which are described further 
m, and the practice adopted by Thiea of adding to the bleaching liquor a 
sufficiency of sulphuric acid to liberate a portion of the hypochlorous acid The 
iddition of acetic or formic add for the purpose would be safer, though more 
Bxpcnaive 

It is a remarkable fact that the base with which the hypochloioua acid is 
combined also plays an important part in the efficiency of hypochlorites as 
bleaching agents Thus, sodium hypochlorite bleaches much bettor than 
potassium hypochlorite, and is m its action about equal to bleaching 
powder, while lithium hypochlorite bleaches better than any The influence 
of soluble chlorides in lie bleaching bath is of greater practical importance 
Thus, it was found by Knecht that the addition of common salt to a solution 
of hypochlorite of soda (made by double decomposition from bleaching powder 
and soda) vastly increased its bleaching efficiency The same was found to 
apply to the addition of calcium chloride to a solution of bleaching powder. 
The observation appears to be borne out by the experience of some practical 
bleachers who use the system of chemicking in the cistern, and who maintain 
that, if the spent liquor in the well is made up to the lequired volume with 
fresh bleaching-powder solution at 1^" to 2" Tw., a better bleach results than if 
the old liquor is run off and replaced entiiely by fresh of the same specific 
gravity {but containing, of course, a much larger amount of available chlorine). 

♦ No quantitative estimation of the amount of colouring matter m cotton has hitherto 
hfkpn rnrned out. but it IB probably present only m small quantity. 
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OTHER BLEACHING PROCESSES. 

Within the last twenty-five years several other processes have been 
proposed which differ more or less from the older processes in principle. Some 
of these have been carried out on the large scale with more or leas success. 
In most of the modem processes, the hme (which, though effective, and for 
some purposes indispensable) being very liable to give rise to defects, has 
been replaced by caustic soda This change has necessitated alterations and 
improvements in the kiers in order to brmg about a more rapid circulation and 
better means of excluding the air. In many of the processes a treatment with 
acid precedes the bowking Undoubtedly the most important, and the one 
which has met with the greatest commeroM success, is that devised by Horace 
Koechlin and earned into practice in the steamer kier specially constructed for 
the purpose by Messrs. Mather <fe Platt. 

In tins system the lime-boil is entirely dispensed with, and this, as well as 
the two lye- boils of the old process, is replaced by a single lye-boil in caustic 
soda and resin soap. The kier in which the lye-boil is effected is shown in 
section and longitudinal section in Figs. 28 and 29. It consists of a large 



Fig 28 — The Matlier kier. Section 


■wrought-iron horizontal egg-ended cylinder, provided at one end with a lid or 
door When lowered, the wedge-shaped door fits into a frame, wedgmg itself 
steam-tight. The raising or lowering of the door was formerly done by means 
of a hydraulic ram, but is effected in kiers of more modern construction by 
a wheel-and-axle arrangement, as shown in the figure. 

The goods are packed evenly in waggons, which are made of sheet iron 
and provided with false bottoms, and which are usually so constructed that 
two fit into a kier 

The waggons havmg been run in, the kier is closed, the air expelled by tJi© 
Euimiasion of steam, and a solution of caustic soda caused to shower over each 
waggon by means of the centrifugal pump, P, through the pipe, B, which 
divides at D, After percolating through the goods, the liquor collects beneath 
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the false bottom of each waggon and is drawn thence through the pipe, T, 
through the centrifugal pump again, a continuous circulation ihus being 
brought about. The circulating liquor in tlie kier is heated by a coil pip© Ifi-id 
in the bottom, the condense water from which is drawn off outside so as not to 
dilute the liquor. There is also a perforated pipe to boil by direct steam, if 

When the waggons have been run out, fresh ones are ready to take their 
place, and thus a great saving in time is effected. 



Pig, 29.— The Mather kier. Longitudinal section 


The chemicking, souring, washing, &c., which follow the treatment in the 
steamer kier may be carried out as m the ordinary bleaching proems 

The kier may also serve for boilmg with lime, and is sometimes used for 
this purpose in bleaching “back greys” which have been used m caheo printing. 

The time required for a full bleach by this method is tweni^-six hours. 
The largest kier made is capable of holdmg 3 ’3 tons of cloth, and is capable 
of turning out regularly 30 tons of bleached caUbo per week. The mam 
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advantages of the kier are a saving in water, power, time, labour, and fui 
while at the same time the number of operations is reduced, and with thee 
the wear and tear to whioh the pieces are otherwise subjected in the bleacu 
house are reduced. 

According to a private communication from M. H. Koechlin, the following 
is the Tnodm operomdi employed in the works at Loerrach : — 

The grey pieces are passed through sulphuric acid at 2" to 8® Tw,, and left 
in the acid ten to twelve hours, after which they are washed and passed at 
76“ 0. through a batli made up of 

1,800 Ltres water, 

25 kilos, oaustio soda, 72 per oent., 

5 htres bisulphite of soda, 64*^ Tw., 

for every 260 pieces of 100 metres each. They are then packed evenly in the 
waggons and run into the kier. Here they are treated for eight hours (under 
7 to 16 Ihs. pressure) with a solution of 

2,000 litres water, 

30 kilos, oatistio soda, 

40 „ soda ash, 

20 ,, resiQ. 

Wash m kier four to five times with cold watpr. Then circulate a solution of 
bleaching powder made up from 

2,000 litres water, 

100 „ ohlonde of hme solution at 12® Tw., 

2 ,, hydroohlono aoid. 

Allow to circulate five hours. Wash m kier, pass through sulphuric acid at 
2® to 8® Tw., wash in washing machine, and dry. 

According to another system proposed by Messrs Gretker & Bentz^ 
for which a machme has been constructed by Messrs Edmeston <fe Sons of 
Manchester, the operation of boihng with alkali is rendered continuouB.* The 
machme constructed for this purpose consists of a rectangular iron tank 
provided at each end with a partition which reaches nearly to the bottom 
These partitions dip beneath the surface of the liquid and act as water seals 
for the interior air-tight compartment. 

The working of tee kier will be readily seen from the figure (Eig. 30), m 
which part of tee side is removed in order to show the intern^ arrangement of 
the rollers. The pieces pass m underneath tee first partition (either at full 
breadth or m rope form) and over a number of rollers through tee boiling 
alkali, thus traversing tee upper part of the kier several times horizontally, 
and ultimately passmg out beneath the second partition or water seal. They 
are thus subjected to the action of tee boiling alkab and soap m tee lower 
part, and to the action of steam under a shght pressure in tee upper part of 
the kier. The pressure m tee interior will depend upon the difference m 
height of the levels of the liquid on either side of tee partitions. The pieces 
pass through at the rate of about 30 yards per minute 

The time taken for tee goods to pass through tee kier is so short (under 
two minutes) teat tee action of tee alkali is by no means complete On 
emerging from tee kier they are consequently pil^ up in wooden boxes and 
allowed to lie with the hot liquor in teem for four to five hours The action 
of tee alkah is thus considerably prolonged. After being washed off, tee pieces 
are chemioked and soured in tee ordinary way. 

Messrs. Big<miont% and Taglwni have patented t a form of continuous kier 
which is a modification of tee Grether-Bentz kier, differing from tee latter, 

• The Dyer and CaXxco Prxnter, February, 1891. 

+ J<mm. Soc. Dyera and Col , 1901, p 232. 
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liowe 7 er, in that the doth enters into and leaves the kier through one and 
the same column of liquid. Furthermore, a considerable accumulation of doth 
takes place m the kier, and, on entermg, boiling lye is spurted on to the pieces. 
The working of the kier will be readily seen from the figure (Fig. 31). 

The pieces enter at passing m a downward direcfion under the seal into 
the body of the kier, where they are plaited into the U-shaped receptade 
m the middle, and whence they are drawn by means of the tension rollers, jjy 
and pa'js across the top of the laer, then down to the bottom and out through 
the seal, being squee^ before leaving the apparatus by squeezmg rollers, r. 
The liquor is introduced mto the kier by means of a steam injector through 
perforated pipes, the lye being kept continuously in motion by means of a 
pump which conveys it from &e bottom of the kier to pipes, p. As the 
impure hquor is continuously passing off through the overflow opening, s, a 



Fig. 30. — Grether & Bentz’s bleaching kier. 


corresponding quantity of fresh lye is supplied by a pipe connected with the 
injector. 

Bleaching Kier of Mwntadaa y Bovira — In this kier, which is intended 
for open bleaching, the same principle of hydraulic seals is adopted os in the 
Edmeston-Bentz kier, but instead of there bemg one compartment with a so il 
at each end, there are several The piessure m each successive coinpai tment is 
thus multiplied until the middle compartment is reached, and then diminibhos m 
like manner towards the exit It is clear that if the diffoience in the heights of 
the columns outside and inside the first compartment corresponds to, sny, 6 lbs 
pressure (about 10 feet), the pressure in compartment 11 . will be double tbit 
of the first, since, in addition to the column of hquid which the steam pressure 
has to raise in 1 ., it has to r^e a similar column in 11 , so that in compmt 
ment iv. there will be a pressure of 4 x 6 = 20 lbs. The construction of the 
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water seals whidb follow is the converse of that of the caustic Seals, and 
the pressure will consequently drop by 5 lbs in each successive compartment 
until the goods emerge. An important feature of this kiei is the adoption 
of the counter current principle, hoth m the case of the kier liquor and the 
wash water. The caustic liquor passes successively from compartment iv. to 
compartment 1 and overflows at the top of the first seal Q^bie principle on 
which this kier is constructed is excellent, from a theoretical pomt of view, 
but, as in the case of the Edmeston-Bentz kier, it is not practicable to allow the 
goods to pass through sufficiently slowly to allow of an efficient “ bottoming,” 



Fig. 31. — Rigamonti and Tagbani’a kier. 


The Mather- Thompson Continuous Bleaching Apparatus was devised with 
the object of effecting the further treatment of the goods after they have 
been boiled with caustic soda in the Mather kier It contains 15 partitions 
in which the chemicking, treatment with carbonic acid, washing, and souring 
are effected In the first partition the pieces are simply run through warm 
water , in the second they pass through chloride of lime at 2" Tw The third 
partition is a chamber filled with oarbomc acid gas, the pieces passmg in and 
out through narrow slits. In the fourth, fifth, and sixth partitions they are 
washed with cold water, in the seventh they pass through a soda solution 
(1 grm per litre) at 60" to TS” 0 , in the eighth, ninth, and tenth they are 
washed again with water. In the eleventh partition they are again passed 
through chloride of lime, this time at Tw. The twelfth is a second carbonic 
acid chamber, and the thirteenth, fourteenth, and fifteenth contain weak hydro- 
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chloric iwid (1 per cent solution). After leaving the apparatus the goods are 
washed in an ordinary washing machine, and dried. 

The speciality in the Mather-Thompson process is the use of carbonic acid 
after the chloride of lime, the effect of which is, as has been pointed out before 
in the description of the ordinary bleachmg process, to hberate the free 
hypoohlorous acid on the fibre, and thus accelerate the bleachmg action 

Bleaching Process of Thies and Herzig. — The following are the mam 
features of this process: — The goods are first run through (hot) very dilute 
acid, steamed for a short period, and washed The bowking is effected with 
caustic soda (of greater strength than usual) and resin soap m a specially 
constructed kier, in which the circulating lye is heated by mdirect steam and 
the bleaching proper by means of hypochlonte of soda m place of bleaching 
powder Tho process was the outcome of on extensive and carefully conducted 
research which was carried out by Messrs. Thies and Herzig, and, although 
this was done over twenty years ago, it will not be out of place to mention 
here some of the experiments, for an account of which we are mdebted to 
Mr 11. Thies, 

The first experiments were done with cotton pieces in Barlow kiera with 
tho object of ascertaining the effect of the oxygen* contained in the steam on 
goods in tho ordinary condition, and such as hod been limed. The result was 
that after 46 minutes steaming the goods containing no lime had comparatively 
little effect on tho amount of oxygen present; the limed goods, similarly 
treated, had absorbed almost every trace. Heverthelesa, the latter were not 
teiulore<l. By employing caustic soda of a strength equivalent to that of the 
lime water no diminution of the amount of oxygon was noticed. But on 
increasing the amount of caustic fivefold it was found that the oxygen had all 
boon absorbed, and the goods surrounding the central pipe of the kier were 
browned and tendered. It is evident from tliis that lime and caustic soda act 
(liUbrontly Tho lime acta more slowly, and any formation of oxycelluloae will 
ho evenly distributed in the goods throughout the kier, while the caustic soda 
acts rapidly with consequent excessive formation of oxy cellulose at the places 
whore tho steam enters It was furthermore ascertained that, in the case of 
lime, tho oxygen acta more on the impurities than on the cotton, and, being 
consumed in tliia way, tho fibre is left intact. 

Purthor experiments, in which fents of cotton dyed with indigo were placed 
among tho goods in tho kier, showed that m time the kier liquor acquires 
a reducing action, the indigo fents being decolourised at some distance from the 
central pipe, botli in tho case of lime and of caustic soda It is consequently 
atlvantageous to pass tho goods, previous to their being packed in the kier, 
through tho kier liquor fiom a previous operation. 

Tho following is a description of tho process as at present earned out — 

Tho goods run straight from the singeing machine, or, after having beer 
simply wotted-out with water, thiough vory dilute acid (16 grms. hydrochloric 
acid (30 per cent), or 10 grms. sulphuric acid (60 per cent), along with J grm 
liydrolluoiic ticid (76 por cent ) per litre), and are steamed for 20 to 60 seconds 
Tho olfocl of this treatment is to render soluble the whole of the sbarcb containec 
in tho 81/.0 by converting it partially into soluble starch and partially mtc 
dextrine By the action of the hydiofluonc acid, compounds of iron, alumina 
and silicii arc removed After souring, the goods are first run through a batl 
f^ontjLining kicr Injuor from a previous operation, then through a weak solutioi 
cif magiiGsiuin chloride (60 grms. per litre), after which they are squeezed anc 
packed in tho kior. 

• Wator always contains somo air in solution, most of whioh is expelled on boiling 
The HtLMirn used in these parbioular oxperiinents oont^ned 16 4 to 18 5 o.o. air per kilo , ani 
of this *22 to Tier cent, was oxyfien. 
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The construction of the Walsh kier, which is the same in principle as that 
of the onginal Thies-Herzig kier is such that no steam can come into direct 
contact with the kier liquor, and formation of oxycellulose, due to the air 
expelled from the water in the boiler, is thus entirdy avoid^ To this end, 
the heating of the kier hquor is effected by means or a steam kettle adjacent 
to the kier, and the circulation of the hquor is brought about by means 
of a centrifugal pump. The arrangement is shown in Fig. 32, in which K 




Fig 32. —Walsh kier. 

represents the body of the kier with rounded stones acting as a false bottom ; 
H the hand- wheel actuating the let-off (waste) valve, w , •o the back-pressure 
valve , B the water supply with spmdle, jp, to water valve ; S the sluice valve , 
C the centrifugal pump connecting the outlet from the bottom of the kier 
through S, with upright multitubular heater, M, heated by steam through 
valve, L, the condense water issuing at the lower extremity at W , B is the 
manhole , E the safety valve , while FI represents the floor line 

In the Thies-Herzig kier, a oylrndncal recess is nvetted to the bottom in 
order to provide a larger space for the collection of the percolating liquors 

The goods having been packed into the kier, the air is first displaced by 
blowmg steam in, and caustic soda of 9” to 12“ Tw., which has previously been 
boiled to expel the air and which contams in solution 7^ kilos resm for every 
ton of goods, IS circulated under pressure The goods are then washed in the 
kier, first with hot and then wiii cold water The duration of the bowkmg 
operation is eight to ten hours. 
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From the kier, the goods run through one, or in some oases two, washing 
macjhines mto iiie bleaching cistern in which a faintly acid solution of 
hypochlorite of soda * is ciroidated through them for four hours. The amount 
of chlorine (calculated as bleaching powder) required for effectmg a complete 
bleach by this process is said not to exceed 0*2 per cent of the weight of 
the goods The acidulation of the bleaching hquor serves to prevent the 
goocLs becommg yellow on storing. 

After bleaching, the goods are passed through a weak boiling solution of 
soda, after which mey are again steamed, washed, and dried. 

In the improved kier of Thieg, a vacuum boiler (an upright cylindncal 
vessel, similar m size and shape to an ordinary kier) is mserted between the 
kier and the superheater, the capacities of the two vessels (for an ordinary sized 
plant) bemg 14 and 16 cubic metres respectively, while the centrifugal pump 
is replaced by a Gnndle pump, which is more efficient m its action. The 
bowking takes place in two st^ea — ^viz, a preliminary one of two hour’s 
duration, m which hquor from the previous operation is used, and the 
bowking proper, with fresh caustic soda and resm soap, which lasts six hours 

The goods saturated with alkali (hquor blown off from the previous pre- 
liminary bowking, see below) are packed into the kier, and then, by means of 
the Grindle pump, the old kier liquor is drawn from the vacuum boiler (which 
IS quite fujl to start with, and closed at the top), and sent in at the bottom of 
the kier until the latter is quite full, the air escaping through a blow-off valve 
at the topj As soon as the kier is full, the air valve is closed. By pumpmg 
the hquod from the vacuum boiler mto the kier, a vacuum equal to about 
10 lbs is: produced in the former vessel A pipe provided with a throttle 
valve connects the top of the kier with the top of the vacuum boiler. This 
valve is now slightly opened, so that a circulation of the liquor takes place, 
while any air contained in the kier rises with the liquor, passes through the 
throttle valve mto the vacuum boiler, where the liquor falls to the bottom and 
the air expands into the vacuum. The pressure in the kier is now gradually 
increased to 3 atmospheres by choking the valve, when any air remammg 
in the goods is mechanically dissolved (air being more soluble m water under 
pressure) out of the goods, and transferred to the vacuum boiler Aftei tlio 
air in the vacuum boiler has been expelled, steam is turned on in the super- 
heater, and the bowking- continued for two hours at 45 lbs. pressure. The 
pump is now stopped^ lie steam turned off, and the liquor blown off under 
its own pressura Fresh lye, consistmg of caustic soda at 6® to 74" Tw. and 
resin soap, is now run mto the kier (which is free from air), the pump set in 
motion again, steam turned on in the supei heater, and the bowking proper 
continued for six hours at 45 lbs pressure. 

The further treatment of the goods is the same as in the old process. 

Open Bleachmg. — The simplest (though not by any means the most 
economical) method of bleaching cotton piece goods m the open state is to 
conduct the operations of boiling in alkali, chemickmg, and washing on tlie 
Jigger {q,v,)y and this is largely done m small dye-works The operations and 
materials used are practically the same as m the ordinary caustic soda bleacli, 

* The hypoohlonte of soda is prepared, according to Tines and Horzig, os follows — 
290 kilos, bleaching powder of 83 per cent, are ground to a paste with 1,100 litres water, 
and to this are added 1 75 kilos ammonia soda dissolved m 600 litres water, along with 
a sufficiency of water to make up to 2,000 litres After stiirmg for half an hour, tlio 
mixture is allowed to stand overnight, when the clear liquor is decanted The sediment is 
mixed with fresh water, the clear liquor being again decanted, and this process repeated 
until in all 6,000 htres of liquor (of 6“ to dj'’ Tw.) are obtained The solution, whioli is 
alkaline, is said to keep for a long time In order to libemte 10 per cent, of the 
hypochlorous acid, about 6 to 7 grma sulphuric aoid of 60” B are added to every litre of 
the bleaching hquor. 
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and the method does not call for any specnvl comment. Very good results are 
obtained in this way. 

For the more economical treatment of large quantities of goods (s^., 
velveteens) in the open state, the boiling is usually effected in large rectangular 
open kiers constructed of iron, m whidi the goods are plaited do\vn in such 
a manner as to avoid any creasing The rest of the operations may either be 
earned out on ]iggers, or by running the goods at full width through vessels 
provided top and bottom with guide rollers 

Jackson and Hunt^s Open Bleaclung Eier. — ^In a sense thiA is similai* to 
bleaching on the 3 igger, but differs from this simple process, inasmuch as the 
operation of boiling is conducted under pressure. The goods are first batched 
in a specially constructed machine, which is shown in section in Fig. 33 This 
consists of a cast-iron cistern m which a large perforated drum is mounted on 



1*1 I I I I . . 

Fig 33 —Batching machine for Jackson Hunt kier 


beanngs The cistern is filled with caustic hquor (which has already been 
used in the kier), and the cloth, which is indicated by a dotted line, passes 
round the drum and becomes thoroughly saturated In close proximity of 
the drum, and near the bottom of the cistern, is a perforated steam pipe, which 
serves for heating the hquor and driving it through the cloth as it travels with 
the drum On leaving the cistern the goods are batched on the roller, which 
rests with its own weight on the drum, and is kept in position by a pair of 
stiong batch arms, which are fixed on the top of the cistern Each batch 
contains from 1,900 to 2,200 yards of cloth. "WTien the batch roller has been 
filled in this way, it is placed in position on a waggon in juxtaposition to an 
empty batch roller, and the waggon is run into a horizontal high-pressure kier, 
m which the rollers automatically couple with driving gear at the back, by 
which means the pieces are wound off one batch roller on to the other, and 
mce versd Restmg on the batch rollers with its o^vn weight is a heavy 
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perforated drum. The door of the kier having been closed, caustic soda liquor 
18 run in by means of a centrifugal pump, steam is turned on until a pressure 
of 40 lbs is reached, and the cloth is wound off one batch roller on to the 
other and vice versd for two hours, the boiling caustic liquor being in the 
meantime circulated and showered on to the goods from the top of the kier. 

Ohemicking, sourmg, and washing are effected in machines which work on 
exactly the same prmoiple as the kier as regards the running of the cloth, and 
this is explained by reference to Fig. 34, which represents the kier in cross- 
section. The two batch rollers (each represented as being partly filled with 
cloth), A and B, work m journals earned by the framework, F. S represents 
the shell of the kier, while the perforated drum, 0, carried by oscillating 
arms, which are free to move from side to side, is journalled at F The 
arms having an open jaw at the top, the drum adjusts itself to the increasing 



Fig. 34. — Jaokson-Hunt kier. 


and decreasing sizes of the batches as the cloth is wound on or off. This motion 
is important, as it keeps the cloth always at the same tension and absolutely 
free from creases It also brings considerable pressure to bear on the rotating 
batches, and thus squeezes the liquor through the cloth, while, lastly, it prevents 
either entirely or to a large extent curly selvedges. The washing, &c , of the 
pieces is effected by means of an arrangement similar to that shown in the kier. 

Lunge’s Improvements in Bleaching consist m the use of acetic acid along 
with the bleaching powder. Free hypochlorous acid is thus liberated, accordmg 
to the equation — 

2Cft001j| + SGgS^Oji = OaCLj + 0a(C2B[|0i|)) 2H00L 
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The free hypbcshlorous acid, in acting on the constituents of th< 
gives up its oxygen , and free hydrochloric doid results — 

2H0C1 = 2Hai + 0,. 

The free hydroohlono acid resulting from this decomposition is 
sufficient to liberate the acetic acid again from the calcium acetate formed 
in the first instance — 

CalOsHgOj)^ + 2HC1 = OaOl, + 

The process thus becomes continuous, and a given amount of acetic acid 
suffices to decompose a very large quantity of bleaching powder. The 
subsequent treatment with acid is rendered unnecessary and the expense 
and time of one operation are thus saved. In place of acetic acid, formic 
acid can be used. * 

In the process patented by Hadfield, Sumner ft Hadfield,*^ the goods after 
havmg been boiled in the kier, and washed, are run through bleaching powder* 
and then through a chamber containing acetic acid vapour which is generated 
by allowing acetic acid to drop on to a steam-heated plate. The action of the 
acetic acid is the same in this case as in Lunge’s process, but the acid is not 
regenerated. 

Bleaching by means of Electrolytlcally prepared Hypochlorite Solutions. — 
When a solution of common salt is electrolysed, the electro-negative chlorine 
ions migrate towards the positive electrode (or anode), while at the electro- 
negative electrode (or cathode) there is a corresponding accumulation of the 
electro-positive sodium ions. The sodium which collects at the cathode 
instantly reacts, however, with the water, forming caustic soda and hydrogen 
gas, which latter, being practically insoluble m water and very hght, escapes 
as such. The ohlonne, on the other hand, collects at the anode. If the 
electrolysis is conducted in a cell provided with a porous diaphragm, a more or 
less complete separation of the caustic soda and (Corine may be effiected, the 
foimer l^mg concentrated and obtained in the sohd state, while the latter is 
usually absorbed in hme to form bleaching powder. Considerable quantities of 
these electrolytlcally prepared products are heing used at the present time. 

on the other h^d, the electrolysis of the salt solution is effected 
without a diaphragm and the electrodes are placed in close proximity to each 
other, the chlorine does not escape, but reacts at once with the caustic soda 
foim^ at the cathode producing sodium hypochlorite t a*nd sodium chloride— 
2NaOH -I- Ola - NaOOl + NaCl + HjO. 

Various forms of apparatus have been constructed by Hermite, Kellner, 
Vogelsang, Haas and Oettel, and others, for the electrolytic production of 
bleach solutions by means of this reaction The bleacher is thereby enabled to 
dispense with the use of bleaching powder, using in its place a solution of 
common salt (brine), which is rendered effective by being simply passed through 
the electrolyser. A clear solution of hypochlorite is thus obtained, which does 
the work of bleaching powder or of hypodilonte of soda (prepared from bleach- 
ing powder by double decomposition) equally well. When brine or salt can be 
obtained cheap, and cheap water or steam power is available, these electrolysera 
will no doubt be found useful, but under ordinary conditions of workmg their 
adoption by bleachers is not likely to make much headway, chiefly because they 
do not offer any advantage as far as cost of production is concern^ as compared 
with the old-fashioned bleaching powder — cost of plant, wear and tear of 
electrodes, cost of power, and loss of unchanged sodium chloride bemg all 

* English Patent No. 29,646, 1896. 

t It IS essential that during the process the temperature should not be allowed to nse 
much, otherwise the reaction would take place in a different sense, and chlorate of soda 
(which IS of no value as a bleaohmg agent) would result m place of hypochlorite. 
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contributory factors which mihtate against the success of the electrolytic- 
method. Theoretically, the loss of s^t could, of course, be reduced to a 
minimum by electrolysing the spent bath over again, but the impurities which 
the latter takes up from the goods in bleachmg require so much power (fresh 
hypochlorite not bemg formed until these are destroyed) that this is out of the 
question from a practical point of view. 

It has been asserted that the electrolytioally-prepared hypochlorite solutions 
are far more effective in bleaching than solutions of equ^ chlorine stiength 
prepared by purely chemical means,* and it has even been asserted that this 
difference may amount to as much as threefold in favour of the electi olysed 
brine. Such assertions cannot, however, be taken seriously, and the special 
virtues which are ascribed to the action of electricity on chlorine are probably 
purely imaginary ones For, although it may be shown expenmentally that 
electrolysed bnne bleaches more rapidly than hypochlorite of soda prepared 
from bleaching powder, this difference may partly be accounted for by the fact 
that the electrolytic bath is neutral, while the hypochlorite of soda is alkalme ; 
and, further, accordmg to Knecht, by the presence in the former of a large 
excess of undecomposed sodium chloride. By adding sodium chloride to the 
ordinary hypochlorite of soda, its bleaching action is greatly enhanced. 


BLEACHING WITHOUT CHLORINE. 


The use of chlorine for cotton bleachmg is not altogether indispensable. 
Cotton freed from the natural impurities soluble in alkahes and acids is 
bleached if exposed to light for a sufficient length of time However, this 
process, although used to some extent in hnen bleaching, is seldom adopted for 
cotton, as it takes too long, and would not be suitable for dealing continuously 
with large quantities 

Bleaching with Peroxide of Hydrogen. — This bleaching agent would, no 
doubt, rapidly supersede chlonde of lime in the bleaching of calico if its price 
were to come down sufficiently low, since it produces a better white, and 
there is no risk of tendermg the fibre. The beat results are obtamed with 
it by means of the method proposed by Horace Koechlin 

For five pieces of 100 metres each, or about 60 kilos, of cotton, prepare 
a bath with — 


Water, 

Caustio Boda, . .... 

Soap, 

Calomed im^esia, 

Peroxide of hydrogen of 12 volumes strengtli, 


100 litres 
10 kilos 
30 „ 

8 .. 

60 htres 


Boil the goods in this solution for six hours, W8ish, pass through sulphuric 
acid at 3“ Tw., and wash agam. 

If the calcmed magnesia is not added to the bath, the decomposition of 
the peroxide takes place so rapidly that the oxygen generated has not time to 
take effect. Its action m retarding the evolution of the oxygen la due, accord- 
ing to Prudhomme,f to the formation of a hydrated peroxide of magnesium 
corresponding to the formula (3Mg(OH)2 + MgOg) or (3Mg(OH)2 + MgO(OH),), 
which decomposes very slowly at the boiling temperature 

The magnesium soap which forms duiung the boiling is not of a sticky 
nature, and is easily removed from the pieces by washing in water 

In place of hydrogen peroxide, Komgswarter and Ebell recommend the use 
of sodium peroxide, of which 1 per cent, calculated on the weight of the 
material, is said to suffice. The bleaching bath should contain besides thieo 


* Saget, Joum Soc Dyeta and Col , 189«i 
'^Joum, Soc, Dyers and Cd., 1891, p 136. 
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times as much ma^esium sulphate as of sodium peroxide in order to neutralise 
the alkali. The bleaching is done at 40" to 45" 0., and takes one to three hours. 

In some cases it is advisable to bleach first in the ordinary way with 
bleaching powder and to finish off with hydrogen peroxide According to 
Lunge,* hydrogen peroxide serves simultaneously os an antichlor, thus pre- 
venting a tendering of the fibre 

Bleaching with Permanganate of Potash Permanganate of potash is a 

powerful oxidismg agent, and, as such, is capable of destroying the natural 
colouring matter of cotton. As in bleaching with chlorine, it is necessary to 
remove the grease and wax-like impurities by boiling with alkalies previous to 
bleaching The method usually recommended is to steep the cotton thus 
prepared m a slightly acid solution of permanganate of potash. The addition 



2 KMn 04 + SHgO = 2K0H + 2MnO(OH)a + 80 


When taken out, the cotton is of a more or less dark brown colour, due to 
the reduction of the permanganate and the consequent deposition of peroxide 
of manganese on the fibre This can be rapidly and completely removed 
by passing the cotton through a solution of sulphurous acid or bisulphite of 
soda. 

* DmtjL Pclyt, Joum,, 1S86, p. 190 
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By tins process, part of the available oxygen originally contained in the 
permanganate is lost m the peroxide which deposits on the fibre. In ordor to 
obtain the complete effect of the available oxygen, Manzoni * has proposed the 

following method — , , , i i 

The cotton yarn is freed from grease and wax-like impurities by boiling m 
a solution of caustic soda (4 gi’ms. per htre) under 2 atmospheres pressure It 
IS then well washed and steeped for five hours in a solution of sulphuric acid 
at 7V Tw., to which the permanganate is added in concentrated solution m 
two or three different portions Under these conditions, the yarn does not 
turn brown, the acid bemg strong enough to decompose any peroxide of 
manganese which might form, aocordmg to the equation— 

MnOa + H,(S 04 = MnSOi + HgO + 0. 

The operation being carried out in the cold, no tendering of the fibre takes 
place ; but it is necessary to wash well as soon as the cotton is taken from the 



Tig. 36.— Plan of bleaoh-house with Mather kior. 


bleaching bath Manzoni maintains that, in working by this method, a much 
smaller amount of permanganate is necessary than in the old process , he finds 
that half a kilo, of permanganate is sufficient to produce a good ordinary white 
on 100 kilos of cotton yam. 

Bleaching with Calcium Sulphite and Caustic Soda. — According to Horace 
Koechlin, on excellent white may be produced on cotton piece goods by the 
following simple process — The pieces are impregnated with a mixtuie of milk 
of lime and sulphite of soda (which by double decomposition would foim 
calcium sulphite and caustic soda), steamed for one hour, washed, passed 
through acid, and washed again 

A similar process has been advocated by Saget.f 

Soc, Dyers and, 061,^ 1889, p. 98. 


1901, p. 123 
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FAULTS IN BLEACHED COTTON. 

Al-though the bleaching of cotton la apparently a straightforward and 
comparatively simple process, the occurrence of faults or defects in the 
bleached material is by no means uncommon. Defective bleaching is not 
always apparent in the bleached goods, and may only show itself after stormg 
for some time or after washing, or, again, in dyemg the goods m hght shades 
or m the process of fininhing. Thus, cotton which has been imperfectly 
“bottomed” can be bleached white by means of bleaching powder, but is liable 
to turn yellow on storing. In order to ascertain whether this is likely to 
occur, Ainbuhl * recommends the quantitative determination of (1) free fat, 
which should not exceed 0*04 per cent.; (2) fatty acids, which sJiould not 
exceed 0-12 per cent.; and (3) ash, which should not exceed 0*5 to 0*6 per cent. 

Imperfect bleaching is often hidden by excessive blueing of the goods 
When the blue is washed out, the defect is at once apparent. It sometimes 
happens also that the blue is destroyed locally by hght or chemical action, and 
the goods thus assume a spotted or uneven appearance. 

Defects m bleaching may only reveal themselves in the subsequent dyeing 
of the goods, the colours coming out uneven or containing ei&er spots or 
streaks, especially when direct colours are used The chief factor in causing 
a defect of this kind is the local formation of oxyceUulose, which may either 
be due to insufficient exclusion of air from the kier in bowking^with lime or 
caustic soda, or to excessive local action of bleaching powder.f The fault may 
be detected in the dyed material by stripping the colour — s.^., by means of 
titanous chloride— and dyemg in a cold dilute solution of Methylene blue 
The defective parts (which should be marked m lead pencil previous to 
stnppmg) wiU now dye a darker shade than the rest of the material 

The presence of lime soap m the bleached goods also accounts sometimes for 
defective dyemg. 

Paraffin wax, used without the addition of tallow m the sizmg or dressmg 
of the warps, is not removed m any of the operations of the ordinary bleachmg 
proces^ and frequently gives rise to defective dyemg (actmg as a resist to some 
colouring matters), but more especially in finishing, limp places or patches 
resulting where the wax is present m any quantity 

Mmeral oil, which frequently gets on to the goods from the machmery, 
and IS of a more or less dark colour (from the presence of finely-divided metals 
or their oxides), is as difficult to remove as paraffin wax. If the spots or 
other marks are visible after bleaching, the oil may be convemently removed by 
sponging with a solvent like ether Mother means of removing either paraffin 
wax or mmeral oil from pieces is to run them through a fairly strong emulsion 
of ohve oil in soda, allow to remain batched for some time, and then soap hot. 

Iron mould now and then occurs m bleached goods, and, although it can m 
many cases be removed by sourmg m hydrochloric acid, ihe feme hydrate is 
usually dehydrated to such a degree that such a treatment does not suffice. 
In such cases bmoxalate of potash applied locally wiU frequently be effective, 
but its action is not infallible It the iron mould should withstand these 
treatments, it may be removed either by treatment for some seconds m warm 
concentrated hydrochloric acid, or with a solution contaimng a reduemg agent, 
such as copperas and hydrochloric acid Stannous chloride and oxahe acid, or 
titanous chloride and oxalate of potash, are still more effective 

* Joum, Soc. Dyera and Ool , 1903, p 266. 

t Uneven atretching in the mercerising prooeas {qv,) may also lead to similar faults, 
cotton meroerised under tension taking up less colour m dyeing them cotton mercerised 
without, or with only a little, tension. 
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Iron stains should not be mistaken for peroxide of lead stains, which latter 
are liable to be formed if the cotton has come into contact with lead or salts of 
lead previous to being ohemicked These stains, though similar in appearance 
to iron stains, can readily be distinguished from the latter by the absence of 
any reaction with an acid solution of yellow prussiate of potash, and by the 
intense green colouration which they assume when the piece is steeped for a 
few minutes in a solution of the leucobase of Malachite green m very dilute 
sulphuric acid. 

Teiideiing of cotton in the yarn or piece is due to two principal causes — 
viz, formation of oxycellulose (see above) or of hydrocellulose The latter 
cause IS the most frequent, and is bi ought about by the action of mineral acids. 
The fault may occur in several ways, but is generally due to insufficient 
washing after the final souiing in the bleaching process The goods bemg 
afterwards dried, either in stoves or on cylinders, the small amount of acid left 
m IS concentrated on the fibre, and tendering of the fabric results Tendering 
may, however, also result from the presence of magnesium chloride m the size— 

if the goods are singed before bleaching. During the singeing, the high 
temperature brings about a hydrolytic dissociation of the magnesium chloride 
into magnesia and hydrochloric acid, which latter attacks the fibre The 
presence of free acid in bleached goods is most readily detected by extracting a 
small piece with distilled water and adding a drop of Methyl orange, when the 
occurrence of a pink colour denotes an acid reaction. This indicator is much 
more suitable for the purposo tlian litmus. Gotten tendered by acids does not 
show any increased aflinity for Mothylono blue. 

It IS noteworthy that, by morccnsing cotton without tension after it has 
been tendered by acid, the original strength may bo restored, oven if the 
tendering amounts to 50 per cent 

With cotton piece goods which have been too heavily calendered, tendenng 
may also bo duo to the cru.shiiig or cutting of the fibres, 

LINEN BLEACHING. 

As has already been pointed out in the description of the fibres, the raw 
linen fibre contiiins a much larger amount of foreign substances than cotton 
While ordinary raw cotton only contains about 5 per cent of foreign matter, 
the loss in weight during the bloaching process amounts, in the cose of linen, 
to some 20 per cent Tho nature of the foreign substances (other than 
cellulose) contained in the raw flax seems to have been but imperfectly 
studied ; it contains a largo amount of Ho-(w.llod pectic matters, which can be 
removed by prolonged treatment with alkalies. 

h'hx, ]P'fur — Tho ])hahility and handk^ (or feel) of tho flax fibre, os well os 
its chaiacfc<»i istic mih'II, are said to Im due to a peenlmr fatty substance which 
;nlliei(js to its Mirfac'o If, aeeoiding to 0 iroiFineistisr,* heckled flax is 
exIiacUsl with any of tlio usual fat solvents, sueli as ether, hen/ino, Ac, a moio 
01 less gn*(*nisli-}ellow, and slightly iluoreseent, eolounul solution is obtained, 
vliifli hM\es, on e\.iponitiini, a nion* 01 less coloured substance possessing an 
mil iisi' sim‘ll of flax 'flm »'\tractc«l lilue lias hjst its characteristic sniell, 
mil'll of its pliability, and its luslie, wbilsl it lias acquired a eoaise feel and has 
bcioiiio nbiinst biitllu 'I'lie Milislaiice tliiis isolated varies in coloiii from 
\sliilc to \elIo^M^ll or grecinsli \ ollow b^o^wl, and shows a dull surface on 
fi.u tuic Tn tin* « old it is biitth', but softens whim kiiimded between the finger 
and lliniiil» Kroni a Iiot satin ated l)en/iiie solution it separates out on cooling 
ill alinust while gianules, ]iosM*ssing, .ipparently, a crystalline structure. Its 

* Juuin Soc iJf/uti and Col , 1903, p. 182. 
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specific gravity at 15" was found to be 0 9083, and the melting point 61 *5" 0. 
In water it is insoluble, partially so in alcohol, sparingly soluble in chloroform, 
but readily soluble m other solvents It bums m the air with a bnght smoky 
:flame, leaving no appreciable residue. 

The amount of wax contained in different kinds of flax vanes considerably, 
those fibres which have been subjected to the greatest amount of mechamcal 
cleaning containing least wax, while the waste from scutching mills contains 
considerable quantities (up to 10 per cent ). 

Plax wax contains, principally, an unsapomflable residue (70 to 80 per 
cent.) similar to ceresin, and consisting of hydrocarbons, ceryl alcohol, and 
phytosterol The rest consists chiefly of a mixture of fatty acids, of which 
palmitic, steanc, oleic, linoho, Imolemc, and isolinolemo were identified. In 
addition, a small amount of an apparently aldehyde-hke volatile substance was 
obtained, which existed, however, in such small amount that it could not be 
identified. 

Linen being more easily affected by alkalies, acids, and chlorine than cotton, 
the bleaching of linen is, merefore, a longer and more tedious process than the 
bleaching of cotton. A severe treatment would either result in the tendering 
of the fibre or in “ setting ” the colour, and when this latter fault has once 
shown itself it is difficult to deal with Another very important point in 
Imen bleaching is the preservation of the lustre of the fibre; if the “skin 
of the fibre is broken,” one of its most valuable properties is lost. The general 
treatment of linen, either in the yam or m the piece, is sinular to that ^opted 
for cotton ; but the reagents are generally weaker, and it is necessary to repeat 
some of the operations several times before a satisfactory white is obtamed 

A special operation necessary in Imen bleaching, but not used for cotton, 
is the “grassmg,” a remnant of the old method of bleaching which was m 
use before the introduction of chlorine as a bleaching agent. In grassing, the 
pieces are exposed in fields, after treatment with alkali and acid, to the joint 
action of light, air, and moisture. In dry weather the goods are spnnkled with 
water from time to time. The effect of grassing is considered to be due to the 
action of the ozone and peroxide of hydrogen which are usually found m small 
quantities near the ground. Attempts have been made to replace the grassing 
by a treatment with ozonised air, but have not been successfiiL 


LINEN YARN. 

The bleaching of linen yam is similar in principle to the bleaching of 
cotton, but the process lasts much longer if a full bleach is required This is, 
however, not always necessary. Eor some purposes a lye-boil and subsequent 
treatment with acid suffices, while in other cases, the yam is required quarter- - 
bleared, half-bleached, or three-quarters bleached. As the white increases in 
purity the strength of the yarn is diminished. 

Cince linen yam vanes much more m quality than cotton, there is also 
a considerable variation in the details of the bleaching process The following 
may, however, serve as a typical example for a three-quarters white — 

1 Bozl for eight hours with 10 per cent, soda ash on weight of yarns, wash 
well, and squeeze 

2 Jieel for one hour in bleaching powder at to Tw. Wash. 

The reeling, which is also a speciality in linen bleaching, is effected in 
shallow stone, cement, or wooden troughs, of which one is shown in section 
and three in plan in Figs. 37 and 38. 

The reels receive an alternating backward and forward motion from the 
mam shaft. When the operation is over they are removed and replaced ly 
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another lot, freshly filled. During the o^ration, only a small portion of the 
yam lies beneath the surface of me liquid, the rest being exposed to the air, 
the carbonic acid of which hberates free hypochlorous acid from the bleaching 
liquor, and thus assists materially in the bleaching. 

3 Sowr with sulphuric acid 1* Tw. Wash well. 

4. Scaild boil in kier) for three to four hours with 3 to 3 per cent, 
soda ash. 

6. Beel in bleaching powder A* Tw. 

6. Sov/r in sulphuric acid ¥ Tw. 

7. Scald for three to four hours with 1^ to 2 per cent, soda ash. 



( 



Figs. 37 and 38. — Haubold’s reeling maohine for linen yam. 


8. Dip — t e , steep two hours — bleaching powder A" Tw. 

9. Sov^ in sulphuno acid Tw. 

10. Scald for three to four hours with 1 to per cent soda ash. 

11. Dip in bleaching powder Tw. 

1 2. Sour in sulphuric acid f “ Tw. Wash well and blue with smalt 

For a full white the yam is given one or two more turns, according to the 
colour desired, using gradually weaker strengths. 

13. Scald in 1 per cent, soda ash. 

14. JD'tp in bleaching powder Tw. down to Tw. 
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After the lye-boils the yam is usually well washed, first in the Jder, and 
then once in hank-washing machines, which are also used after reeling. After 
sounng and dipping, the washing is generally done by “s working” — ^e., filling 
up the vat with fresh water, and running off repeatedly until the yarn is 
clean. After the final wash, the yam is squeezed through a squeezing mangle, 
and blued in a small machine similar to a hank-washing machine. 

In boiling, the lye is first made up in the kier, and the hanks loosened and 
thrown in, care being taken to pack evenly, in order to prevent spots being 
formed 

Frequently the yam is boiled only before weaving — e in 15 to 20 per 
cent by weight of soda ash — and, if a greater reduction in weight is required, 
it IS again boiled with 10 per cent soda ash. 

The loss in weight which flax yam suffers in bleaching is recognised by the 
conditioning establishments to be 15 per cent for a half-bleach, 18 per cent 
for a three-quarters bleach, and 20 per cent for a full bleach. 

LINEN PIECES. 

As is the case in the bleaching of cotton pieces, the methods in general 
use, although based upon the same principles, may vary considerably with 
regard to detail. 

Broadly speaking, the following is the method at present generally followed 
in the North of Ireland — 

The pieces are first thread-marked with Turkey-red thread, sewn together 
end to end, mn through lime water so as to take up 5 to 1 2 per cent. CaO, and 
are then boiled for eight to twelve hours in low-pressure kiers holding 25 to 
30 cwts. each. After liming they are washed in a rope-washing machine At 
this stage the pieces are separated and made up into bundles (except in the 
case of very light Imens, which are bleached throughout in the rope-form like 
cotton), and remain so through all the subsequent processes. The goods are 
next washed in wash mills, sinoilar in constmction to the wash stocks used 
for cotton yam (g'.t?.), allowed to dram, and soured in hydrochlonc acid at 
1J“ to 2“ Tw. overnight, after which they are taken out, allowed to dram, 
and again null-wash^. Next follow the lye-boils, which are also effected 
in low-pressure kiers j according to the quahty of the cloth, two to six boils 
are given for six to ten hours each, using a mixture of 1 part caustic soda and 
3 parts soda ash at strengths varying from 6" to 4“ Tw, In wmter the lyes 
are taken slightly stronger than m summer. At certain stages between the 
boils the goods are “grassed” for two days, and in some cases “rubbed.” 

With very closely woven cloth they are frequently soured in sulphuric 
acid before the last boil. As a general rule light goods require two to three 
boils, medium goods three boils, and heavier and closely woven goods four to 
SIX boils, according to the time of the year. 

After the lye-boils the goods are alternately treated with hypochlorite of 
soda and weak soda boils for three to five times, until sufficiently light in 
colour Each of these series constitutes a “turn” or “round ” 

Bunng these later stages the cloth also undergoes the process of “grossmg” 
between each “ turn,” and in some cases rubbing before the lost soda boil 

The cloth is then steeped in large vats or “ kieves ” (dipping or chemickmg) 
in very weak hypochlonte of soda, varying from per cent, chlorme for first 
dip to per cent chlonne for last dip After each dip the goods are soured 
in sulphuric acid varying from 2" to 1° Tw , and they are ultimately drawn 
by hand, allowed to drain, and mill-washed 

The lye-boils after the first dip are technically known as “ scalds,” and are 
carried out in the same kiers as the lye-boils, but only for three to four hours, 
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the strength of the lye being progressively weaker (from 3“ to 1^° Tw. for last 
scald). From time to tune the goods are “tum-hanked” — each piece is 
re-hanked into a fresh bundle — so as to ensure every part of the wen being 

Theo^jeot^of “rubbing” is to remove, by meohanioal means, small black 
specks (“ sprits ”) or streaks which appear in the goods. This is effected in a 
machine like that shown in Fig. 39 It consists of a framework on which are 
mounted three pairs of notch^ rubbing boards, B, underneath which there is 
a wooden vessel, Y, in which the pieces are steeped in a strong soap solution* 
Of each pair of rubbing boards, the lower one is rigid, while the upper one 
receives, by means of a crank action not shown in the figure, a to-and-fro 
motion. The pieces are drawn through the rubbing boards by means of a 



Fig 39.— Kubbing boards for linen piccca. 

pair of fluted rollers, at the top of the machine, the pressure of the rollers 
against each other being regulated by weights, W. The rubbing is continued 
until the black or yellow stripes are removed. 

The term “mill-washing” is applied to an operation similar to washing in 
stocks in cotton yarn bleaching {q v ). 

The ordmary process of bleaching linen pieces occupies from three to six 
weeks For densely woven matenal it is sometimes found advantageous to 
partially bleach the yam before weaving. 

In consequence of the enormous amount of time and labour involved in 
linen bleaching, the cost of production of white linen goods is materially 
increased, and any signal improvement which might be made in the wav of 
cheapening the process would considerably benefit the linen trade. The 
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slow progreajsi is not due to the want of initiative on the part of those 
interested, but chiefly to the risks which are run in expenmentmg with goods 
of so valuable a character. During the course of the past few years the 
Mather, Thies-Herzig, and other kiers of modem construction have been to 
some extent ^adopted, and caustic soda has here and there taken the place of 
lime, but the great bulk of the linen which comes into the market is stiU 
bleached by the old-fashioned process, which, though long and expensive, is 
known to give reliable results. 

Cross and Parkes' Process.* — ^In ordinary boiling in vomitmg Hers the 
proportion of hquor to goods is 7-10 to 1, while m Hers with forced circula- 
tion it has been possible to reduce this to about one-half this proportion. 
In the improved method the proportion is so far reduced that the process 
be^mes one of steammg, in contact with the active solution, rather than 
boiling, and the circulation of the solution is consequently dispensed with. 

The pieces are run at full width through a mixture heated to 30" or 40® 0. of 
1*75 lbs. soap (potash, flsh oil, or soft soap), 14 lbs. sihcate of soda (with a 
eiHcate ratio NagO . 3 S 1 O 2 , and containing 30 per cent. SiO«), 1*6 lbs. caustic 
soda, 1 75 lbs. oil (generally mineral oil of mgh boding point, but in some cases 
a fatty od or a mixture of a fatty and mineral oil), and 10 gallons water. They 
are then run into a chamber containing steam at atmospheric pressure, and are 
there wound into a roll. The goods are now steamed with dry st^m at a 
pressure not exceeding 4 lbs. for one to four hours, and are then boded (while 
stdl in the chamber) with soda or silicate of soda under pressure. After the 
boiling the goods are well washed. By this treatment linen goods are brought 
at once to the condition suitable for the dipping and first course of bleaching 
operations. 

In the process of de Keukelaere,! the material to be bleached is first scalded 
for about half an hour m a lye containing 5 to 15 per cent, sodium sulphide, 
and IS then rinsed in water containing J per cent sulphuric acid on the weight 
of the linen The operation of scalding is repeated twice or three times, and 
the bleaching is then proceeded with. It is claimed that by this process the 
orgamc matter and other substances which retard the bleaching are removed. 

Bleaching by Ozone. — The necessity of ‘‘grassing” linen pieces in order to 
obtain a good bleach is associated with vanous drawbacks. It means that 
suitable fields should be available for the purpose in the vicinity of the works, 
and besides, that the weather and climate should be suitable for the purpose ; 
furthermore, it entails a good deal of hand labour With the object of re- 
placing the grassing by a process which can be earned out in the works, and 
which IS mdependent of weather and chmate, an extensive senes of experiments 
were carried out on a large scale by Messrs Siemens & Halske at the QreiHen- 
berg bleaching and fimshing works m Silesia, in which ozonised air served as 
the bleaching agent | Instead of being grassed the goods are run through 
hydrochloric acid, and exposed in the moist state in chambers to the action 
of ozomsed air for about seven hours. Only one such treatment is necessary 
for a three-quarter bleach, while for a full bleach from two to three treat- 
ments are required, which alternate with the operations in the ordinary 
bleaching process as used for piece goods Sunlight cannot, however, be 
dispensed with, and must be admitted to the chamber in which the goods 
are exposed to the ozomsed air. In place of sunhght the electric arc light may 
be used One d^^s exposure in the chamber is said to equal in effect three 
days’ grassing. Bleaching by ozone is said to be no cheaper than grassing, but 
more convenient 

*Jovm. Soc Dyers arid Col,, 1901, p. 38. 

flb%d„ 1906, p 276. 

t See also Andreoli, Joum, 80 c, Chenu hid,, 1897, pp. 92 and 93. 
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Although it would appear that good results may be obtained by the use of 
ozone in linen bleaching, its use for the purpose is at the present time very 
limited 

The use of nitric acid for the purpose of obviatmg the necessity for grassing 
has been patented m this country by Jardin * To this end the goods are 
steeped for about five hours in a solution of 6 litres commercial nitric acid in 
1,000 of water m place of the first grassing. "No further indication is given in 
the specification regarding the composition of the bath in the subsequent treat- 
ment. The treatment with nitric acid is each time preferably preceded by an 
alkaline treatment. In his claim Jardm also includes the use of one or more 
oxygen compounds of nitrogen. 

Hydrogen peroxide and permanganate of potash are also capable of giving 
good results as bleaching agents for linen, and are used to some extent for the 
purpose. 

JBroivn Rolland — The colour of brown holland is not usually produced by 
dyeing, but by running the unbleached linen pieces through a warm solution of 
stannous chloride acidulated with sulphuric acid An acidulated solution of 
titanous chloride may also serve for the purpose 


BLEACHING OF HEMP. 

A full bleach on hemp is seldom desired, although this can be effected 
by processes similar to those adopted for linen At the Paris Exhibition of 
1889 there were several exhibits of beautiful white hempen fabncs, which 
strongly resembled Imen m appearance. 

For string and light ropes a rough bleach is sometimes employed For 
this purpose the goods are first boiled for half an hour in a solution of 10 
kilos, sihcate of soda at 70" Tw. m 600 litres water. They are then boiled in 
water alone, after which they are nnsed and steeped for 24 hours in a solution 
of 10 kilos, bleaching-powder in 1,600 htres water ALfter bemg allowed to 
dram they are hydro-extracted and soured m hydrochloric acid (1 litre 
commercial hydrochloric acid in 1,000 litres water) They are then well 
washed m water, and dried A better white is obtained by repeatmg these 
processes. 


BLEACHING dF JUTE. 

Although the modes of manufacture and commercial applications of jute 
have advanced with such rapid strides smce it was first introduced 
m Europe as a textile material, yet, as regards its bleaching, the 
success does not appear to have been so marked, for there is little doubt 
that, to a large extent, the same processes are still earned out as were m 
operation when first it became of commercial importance. Probably this 
may be accounted for by the fact, that it is not necessary for the bleached 
fibre to have such a degree of punty as is required, for example, in the case 
of fiax or cotton, for whereas with the latter it is essential for the production 
of delicate shades of colour, with jute, sufficient delicacy can be obtained from 
either the cream or light straw-coloured matenal 

After bleachmg it is divided, broadly speakmg, mto two classes according 
to the final shade required on the yarn, one being known as the **Half 
Bleach,” and the other as the “Full Bleach.” The former is a straw, and the 

* Joum, Soc Dyera and CoL, 1904, p. 10& 
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latter a light cream colour, this difference .beiug utilised principally in the 
subsequent dyemg operations, as, for all purposes where dark shades are 
required, either the raw or “ Half Bleach ” is invariably used, whereas for hght 
sh^es the “ Full Bleach ” quality is necessary. 

Bleaching of Jute Yam. — ^The foUowmg is an outline of the general 
method of bleaching jute yarn at present carried out in thle Dundee distnct. 

First Method. — ^The hanks are sorted mto bundles of from 6 to 8 owts 
each, according to the size of the vessel, then suspended on smooth wooden 
rods, and immersed in a rectangular tank filled with water contaimng the 
necessary amount of bleaching-powder solution. Each separate rodful of yarn 
is taken, swayed once or twice to and fro, and then carefulty lifted, so that 
the exposed portion of the yam may easily be placed m the hquid, Thitf 
liftmg IS performed either by the workmen, or preferably by an arrangement, 
of levers, whereby the whole of the yarn is immersed in the bath and easily 
moved therein without any portion becoming exposed to the air. After 
remaming in this bath for one hour, at a temperature of 80" to 100" F, 
the liquid is run off and the hanks allowed to dram They are then 
washed and placed in a similar tank containing dilute sulphuric acid, from 
which, after remaining a quarter to half an hour, they are withdrawn, and 
again well washed m successive quantities of water. 

Quantit^BS of Mat&nahi dtc. — ^Yarns, 6 cwts. j bleachmg-powder solution, 
8" Tw., 120 gallons, temperature, 100" F, ; sulphuric acit^ 144“ Tw., use 
1 gallon for souring. 

These proportions are used m order to obtain the ordinary “Half Bleach,” 
but, if a lighter colour should be required, the operations are repeated, using 
80 gallons of the bleaching-powder solution without previous souring. 

Second Method. — In this method the bundles of yam, weighing about 10 
owts , are treated m a senes of tanka containing solutions of bleaching-powder 
of different strengths Usually there are three tanks, the first containing 
16 to 20 per cent bleachmg-powder (calculated on the weight of matenal), 
the second 10 to 15 per cent, and the third 6 to 10 percent.; the yam is 
allowed to remain in each tank for from half to three-quarters of an hour at 
a temperature of 120" F (48" to 49" 0 ) It is then washed and passed into 
the acid bath contaimng sulphuric acia at 1" Tw , where it remains half an 
hour , finally it is well washed and dried. 

One great advantage obtained by this method is, that the yam, which 
appears very uneven after treatment in the first tank, need not remain so 
long in the strong solution of bleachmg-powder as is necessarily the case with 
the first method, because the reaction is started in this solution and finished 
in the weaker ones It is also interestmg to note that, whenever tendering 
of the yarn does take place, it always occurs m the first te-nk, so that the time 
of treatment is regulated by the quality of the yam, which also regulates the 
use of calcium hypochlorite or sodium hypochlorite, for with certom yarns 
better results are obtained with the calcaum salt than with the sodium salt and 
vice verad. The treatment of the yam durmg spmnmg has also some slight 
effect upon the bleochmg operations, as it is necessary, whenever mmeral oils 
have been used, to steep the yam in hot water, and, m some rai;;e cases, in a 
weak alkalme bath, previous to immersion in the bleachmg-powder , but, with 
certain other oils, as, for instance, whale oil, this is not necessary The most 
striking difference between the bleaching of jute and cotton is, that the jute 
is rarely, if ever, treated with alkali, the principal reason being that this 
occupies too much time, and is, therefore, too expensive, besides, the yarn 
loses too much m weight, while the final results are little better than that 
produced when the alkaline treatment is neglected. The total loss in weight 
which the yarn undergoes m bleaching vanes from 6 to 8 per cent, 
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For Jnto PleooBj Cross & Bevan recommend the following process : 

1. The pieces are first treated with a solution of silicate of soda (4*8 kilos, 
silicate to 1,000 litres of water) at 70® 0. 

2. They are then passed through chloride of soda (sodium hypochlorite) 
prepared from chloride of lime and sodium carbonate, and made of such a 
strength as to contain about 0 7 per cent., but not more than 1 per cent., 
available chlorine. The presence of soda completely prevents the formation 
of chlorinated products. 

3. After being well rinsed, the pieces are passed through dilute hydro- 
chloric acid Tw.) to which a small amount of sulphurous acid has been 
added The object of this treatment is to remove basic compounds which 
might subsequently, by the action of oxidising agents, bring about a discoloura- 
bion of the fibre, and at the same time to dissolve away salts of iron. Wash 
ind dry. The goods exhibit at this stage a light cream colour, possess a soft 
iiandle and a good lustre, and are ready to be dyed. But if intended for 
orinting they must undergo the following process : — 

4. Pass through a bath of bisulphite of soda containing from 1 to 2 per 
sent, of sulphurous acid, squeeze out the excess of liquid, allow to lie for two 
)r three hours %xd dry on steam cylinders. By the drying, the sulphurous 
icid is driven off and tne pieces leave the drying cylinders evenly impregnated 
vith neutral sulphite of soda^ which protects the fibre from the oxidising 
nfluences to which it is exposed in steaming, but does not prevent the 
levelopment of the printed colours. 

Properties of Bleached Jute. — ^Although it is generally supposed that during 
)leaching, the pte fibre suffers from the action of chlorine, this solely depends 
ipon the quality of the yam ; for, with the better qualities, and by careful 
reatment, it is dffioult to detect any deterioration whatever. 

Ohlonne does not act upon dry jute, even when the temperature is raised 
0 100" 0., but in the presencse of water, combines rapidly and with the 
volution of heat. This chlorinated derivative is of a yellow colour and is 
oluble m alcohol, from which solution water precipitates a compound having 
he formula OtoHjoQl^Og, as a yellow flocculent mass, which gives, when freshly 
recipitated, tne characteristic magenta colouration with sodium sulphite * 

One remarkable feature of bleached jute is the change which it undergoes 
"hen left exposed to the air ; for, not only does it turn brown and darker m 
Dlour, but the fibre itself also seems to suffer, as it is slightly tendered, and 
eoomes harsher and more brittle. This change is brought about more by 
amperature than by the presence of air, 

WASHING AND BLEACHING OF WOOL. 

LOOSE WOOL 

As wool comes into the market, it usually represents a very impure article, 
mtaining from 30 to 80 per cent, of foreign substances The impurities with 
hich it is contaminated may he roughly classed under three headings, viz. — 

1. Fatty or wax-hke bodies soluble in such solvents as bisulphide of carbon, 
mene, or petroleum ether. This portion is generally known as the yolk or 
ool-greaae. 

2. Bodies soluble in water, consisting chiefly of the potassium salts of a 
imber of organic acids. This portion is known as the 8u%nt, 

3. Mechamcally adhering impurities (earth, <ko.) which adhere to, or are 
veloped by, the suint and yolk. 

* Joum, Ohem. Soc. 1882, p. 08. 
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Yolk OT UK>ol- grease oonaiflts principally of the higher solid alcohols, 
cholesterin and isocholestenn, in the free state and in combination with 
oleic and fatty acids, principally stearic and palmitic. These bodies, though 
difficult to saponify under ordinary circumstances, form emulsions with soap 
solutions, and can, therefore, be removed by soaping or by treatment with one 
of the solvents above named. To what extent exactly the wool-grease is 
removed ly soaping or W treatment with solvents has not yet been definitely 
Moert^e<i but their eflE^t appears to be restncted to the removal of those 
impurities only which envelop the fibre, and not of the grease contained in the 
interior of the fibre.* 

The sui/nt consists principally of the potassium salts of oleic, stearic, acetic, 
valenc, hyaenic, and other organic acids t It contains besides, nitrogenous 
substances, and small quantities of phosphates, chlorides, and sulphates. 

The mechanically adhering impurities, lastly, consist chiefly of earthy 
matter (the composition of which vanes with the nature of the soil on which 
^e animals have been bred) and hurra. The latter are especially prevalent 
in Botany wool, and as it is impossible to completely remove them by 
mechanical means, they are desbroyed before spinning or after weaving by 
carhormvng (q v) % 

The fleece is frequently washed on the sheep’s back,!^ before shearing, with 
cold water, but only a portion of the impunties are removed by this treatment. 
The bulk of the wool which comes into the market is “ in grease ” 

A thorough cleansing of the wool previous to its further mechanical or 
chemical treatment is of fundamental importance in the production of worsteds 
or woollens of good quality, any neghgenqe in this respect bemg difficult to 
rectify after spinning, weaving, dyeing, or carbonising. This is due to the fact 
that yam and fabrics are not so easily cleansed as loose wool, while any suint 
remai nin g in the latter is driven into the fibre by the various operations of 
dyemg, carbonising, or steaming (crabbing, decatiaing), so that it cannot be 
removed by scouring as readily as from loose wool. Wool, from which the 
fatty impurities are not completely removed, is liable to resist the action of 
mordants and dyestufib, with the result that in dyeing the colours come out 
uneven or cloudy, or that they “ rub.” 

Wool Sorting.— In one and the same fleece the quality of the wool varies 
considerably, that from the shoulders being the finest, that from the back and 
lower parts of the sides being usually of somewhat inferior quality, while that 
from the legs, belly, and other parts is the least valuable. Pjrevious to wool 
washing or scouring, it is usual to sort out by hand the various qualities 
(“mattffiings” or “sortings”), and to treat them in the subsequent operations of 
washmg, preparing, combing, spinning, (fee., separately. The men engaged in 
this parhcular operation were formerly often the victims of a dangerous malady 
known as “ wool sorter’s disease,” or anthrax, which was found to occur more 
frequently among those dealing with certain classes of wool (especially mohair) 
than among others. The operation of sorting is now conducted on tables 
covered with wire nettmg, through which a powerful down draught is main- 
tained, thus preventing the inhalation by the operator of the dust which falls 
from tiie fleece. By this simple contrivance the occurrence of the disease has 
been, to a large extent, prevented. 

Fl'eliminary Washing in Water. — As mentioned above, it is sometimes 
customary to wash the fleece on the sheep’s back before clipping. In many 
works this process is carried out with the raw wool as it comes into the hands 

* See Joum Soc. Dyers and Cd., 1890, p. 18. 

t Joum Soc. Dyers and Col., 1886, p. 133 

t Colonial wools are sometimes washed in this way in order to lessen the cost 
of carriage 
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of the manufacttirer, bu-t in such cases the extraction is conducted systematically 
with warm water on the countep-current principle 

A scheme for carrying out the washing of raw wool on this principle is 
illustrated in Fig 40. The system consists of three (or more) vats, A, B, and 
0, which are so arranged that the wash-water will fall by gravitation from A 
to B and B to 0. The wool to be extracted is loosely packed in crates, a, 6, c, 
which can be removed from one vat to the next by means of any suitable 
device. When the scheme is in work all three crates are filled with wool, 
which IS allowed to steep in the warm water (or hquor) for some 10 to 20 
minutes The crate a is then removed, the liquor being run out of vat 0, 
which is filled with the liquor from vat B, while the liquor from vat A is run 
into vat B Crate h is then transferred to vat A, crate c to vat B, while a 
crate with untreated wool is let mto vat 0, and vat A is filled with clean 


I ^ ^ • — - 



Fig. 40. — Soheme for extracting wool with water. 


water In this manner the wool which has already been twice washed in vats 
O and B comes into contact in vat A with clean water, which takes out the 
remaining soluble impurities At the same time no unnecessary dilution has 
taken place, and the concentration of the liquor in vat 0 is practically three 
times as great as if the extraction had been effected in the ordinaiy way The 
temperature of the water is maintained at about 45'* C., and this may be con- 
vemently effected by means of steam kettles, and Ao 

A more rational method of extracting can be effected by extracting the 
wool in vertical cylinders, usmg the same principle of oonnter-current, and not 
transferring the material from one vessel to another, but treating it va situ^ the 
circulation (and simultaneous heating) of the hquors being effected by means of 
steam injecters, and the distribution by a system of pipes. 
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In either case the muddy brown-coloured hquors, which contain the great* 
paH of the suvnt^ are evaporated to dryness (preferably in multiple- effe 
evaporators), and the residue is calcined in a reverberatory furnace T1 
ash thus obtained consists chiefly of potassium carbonate, which can I 
extracted from it by water This solution, evaporated to dryness an 
calcined, yields a very good quahty of potash. 

This process of extraction would, no doubt, be more universally adopts 
were it not for the fact that it entails a considerable diminution in the yield c 
wool-grease obtained in “cracking” the wash-waters from the washmg prope 
The loss m grease is partly due to the direct solubihty of some of the potas 
salts of the higher fatty acids, but more so to the emulsifying of a portion c 
the wool fat in the solution of the sumt, which acts like a soap. 

Washing or Scouring. — ^Thia operation, which follows the sorting an 
lixiviation with warm water (where such has been used), is generally came 
out by the manufacturer, or, when the wool is to be dy^ in the loose stah 
by the dyer. 

Formerly, wool was washed with stale urine (the active constituent c 
which is supposed to be ammonium carbonate), but this means, although ati 
used in a few isolated cases on the Continent, may be said to have been almoe 
entirely superseded in England by washing with soap and alkali For usi 
the st^e urme is mixed with about five times its volume of water, and th 
liquor is heated to 40* to 50*. In Yorkshire, the largest centre of the wooUe 
and worsted industries, the following simple process is almost invariabl 
adopted. The wool is washed in three successive soap-baths, after which it 
squeezed and dried m a current of air. The operations are seldom carried ol 
by hand, but generally in specially constructed machines, described below. 

For the finest qualities of wool, a soft soap prepared from Gallipoli 0 
is used For the less fine qualities the soap is assisted in its action fc 
cheapness’ sake by additions of potassium carbonate, sodium carbonate, c 
silicate. The addition of sodium salts to a potash soap is, however, irrationa 
since a soda soap is thereby formed by double decomposition, and th 
advantages whidi it is intended to gam by the use of the more expensiv 
potash soap *are thus to a large extent nullified. Cheaper quahties of soa 
are also frequently employed. The amounts of soap, or of soap and sodt 
necessary for wasning vary considerably for the various qualities of woo 
and are determined by practical experience So-called pitchy wools, whic 
contam a large amount of wool-grease, require most. 

The temperature of the soap-haths used in washing wool should, accordin 
to F. H. Bowman, not exceed 36“ C., if all the valuable properties of the fibr^ 
more especially the lustre, are to be preserved. In workmg on the large seal 
this rule is, however, not often observed, considerably higher temperature 
being employed. 

!l^gs 41 and 42 show in section and plan the construction of a woo 
washing machine made by Messrs T. & W. M ‘Naught, of Bochdale It consist 
in the main of an iron tank (20 to 30 feet m length and about 3 feet broac 
with a capacity of 660 to 1,300 gallons) provided with an automatic arrange 
ment of forks or prongs, by which the wool is made to pass slowly throug 
from the entrance to the delivery end The I’aw wool is fed evenly on to th 
travelling apron. A, and is at once pressed, on entering the machine, beneat 
tlie surface of the suds by means of a perforated tray, C, called the immersej 
Here it is seized by the prongs of the iron frame, B. The action of this from 
is as follows — It is lowered until the prongs are immersed m the suds, an 
whilst they ai‘e so immersed the frame makes a stroke forward. At the en 
of this the frame is lifted up until the prongs are clear of the suds, whe 
a backward stroke is made, and the prongs are agam immersed and move 
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forward, and so on repeatedly. After a few strokes, a constant circulation 
towards the squeezing rollers is set up in the suds, the effect of which is to 
float the wool forward, almost without the assistance of the prongs, the point 
claimed being that it is scarcely touched m its passage through tank save 
by the liquor. The dellvenng or liftmg motion, D, consists of a light frame 
witli prongs hinged to the mam frame, which is kept suspended by a chain. 
The pomts of the prongs follow the curved mcline of the false bottom. The 
level of the suds is at the top of this inclme, and the wool is partly floated and 
partly pushed over, after which it slips down fully charged with suds to the 
squeezmg rollers, E The hquor expelled here is caught by a small receptacle, 
E, below, and is lifted back into the tank agam by a bucket wheel, G. The 
squeezmg rollers are weighted, the pressure being given by a dead weight, 
which IS conveyed through a spiral spnng on the top levers. 

Self-acting arrangements are provided for cleamng or flushing out the tank 
without removing the false bottom plates. By means of ejectors placed 
underneath the middle of the mochme, a rapid circulation is given to the 
dirty water under the false bottom, when the tank has nearly run out, and 
thus the mud and dirt are earned off with the last portions of the water. 
If necessary, the bottom may then, in the same way, be washed over again 
with a little clean water 

A complete installation for wool washmg consists of three machines * The 
makers recommend for the first machme a capacity of 1,300 gallons , for the 
second and third, however, a capacity of only 650 gallons each. By adopting 
these dimensions the tank of the first machme is capable of holding double the 
quantity of impunties m the space beneath the false bottom before a change of 
water is necessary, whilst the washing power is increased tw^ofold where it is 
moat required. As the soap solution is discharged from the wool by the 
squeezing rollers at the end of the last machine, it is collected in a small 
receptacle, whence it overflows and passes through pipes to the side of the 
machine ; the cleanest part of it is there lifted by revolvmg buckets into the 
tank, and the remainder run on to the second machme, precisely the same 
action taking place between the second and first machines. But the discharge 
water from the squeezmg rollers of the first machine is allowed to run away 
to the main drain, or to be collected so as to extract the grease from it, which 
is usually done by large firms. The dirty water which eventually passes away 
from the machines m the manner described is replaced from an auxiliary tank, 
containing a quantity of clean water already charged wich the necessary 
amount of soap, and heated to the proper temperature ready for use 

The drying of loose wool after washmg may be done m the open air, but 
this process is seldom resorted to in England owmg to the space required and 
the uncertainty of the weather. A simple contrivance largely adopts by wool 
washers consists of a flat table covered with galvanized wire nettmg, through 
which a current of heated air is sent from below by means of fans. The wool 
is spread evenly on the netting, and is thus dried in a short time. 

Machines are also constructed by various makers, in which the drymg is 
effected continuously, the wool being passed along aprons or endless bands 
through a chamber m which it meets a current of hot air. 

BYE-PRODUCTS OBTAINED IN WOOL WABHING. 

Wool-grease. — In most small works the waste water obtained from wool 
washmg is allowed to run away, but in the better regulated and large eatablish- 

* The third or last tank contains a weak solution of pnre soap only. To the solution 
m the first machme a further addition of soap and usually sodium or potassium oarbonate 
18 made. It has been recommended to use water only in the last maohme, hut m practice 
this has not been found to give satisfactory results 
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ments this waste water is specially treated for the purpose, not only of getting 
from it the fat contained in the wool, but also of regenerating the fatty matters 
from the soap used in washmg. 

Por this purpose the waste water, which consists essentially of an emulsion 
of the wool-grease in soap solution, is first allowed to settle in large tanks, in 
order that the coarser solid impurities may sink to the bottom. An excess of 
crude sulphuric acid is then added, which decomposes or “ breaks,” the soap 
and the fatty acids rise to the surface, bringmg with them the whole of the 
wool-grease in the form of a dirty-looking magma After the greater part of 
the water has been got rid of by allowing the magma to dram on canvas filters, 
it IS packed in sheets of canvas and hot-pressed The liquefied wool-grease 
thus obtained is then heated m metal vessels until the greater part of the solid 
impurities has settled, when it is run into casks where it sohdifies In some 
works the cake from the process is extracted with bisulphide of carbon, in 
order to obtain the last portions of the wool-grease which mechanically adhere 
to it. Wool-grease or “Yorkshire grease” is used as a lubricant, and for 
smeanng sheep m winter m cold chmates, while a large proportion of what is 
produced is distilled for the manufacture of stearin and olem Many attempts 
have been made to utilise it for the manufacture of soap, but although this is 
not impossible, the expense is prohibitive. 

Another method* of regenerating the wool-grease is to precipitate with 
calcium chloride, which throws down the soap as an insoluble lime-soap, and 
along with it the wool-grease. The magma is then treated with hydrochloric 
acid for the purpose of decomposing the lime-soap and removing the lime The 
further treatment is the same as in the first method 

In some works a pure form of wool-grease is obtamed from the waste wash- 
water by passing the clarified (and preferably concentrated) liquor through 
centrifugal machines running at a very hign speed, such as £^re used in 
creaming milk. By agam emulsifying the grease thus obtained, and passing 
it for a second time through the centrifugal machine, a creamy white substance 
is obtained, to which the name of Lcmolm has been given, and which finds 
extensive apphcation m pharmacy for making up salves, <fec 

Wool Washing with Volatile Liquids. — Numerous endeavours have been 
made from time to time to dispense altogether with the use of soap in the 
washing of wool, the objects being to cheapen the operation and to obviate the 
injurious effects of the hot or warm soap solution, which causes to a ceitain 
extent a felting and diminution in the lustre of the fibre 

The prmciple proposed by Smger & J udell is to pass the wool, which is 
earned between two endless bands of brass wire netting, first through a senes 
of vats containing bisulphide of carbon. The excess of liquid is squeezed out 
of the wool as it leaves each vat by means of a pair of rollers. The endless 
band containing the wool then passes in a similar manner through a series of 
water tanks, in which the suint and the mechanically adheiing bisulphide 
of carbon are removed. The whole machine is covered by a hood, whicli is 
hermetically sealed by water seals at all points except wheie the endless band 
enters and passes out again, and a small opening at the top by means of which 
a gentle current of air is mointamed through the apparatus 

Both in the bisulphide and in the water tanks the counter-current system 
is adopted, so that the regeneration of the pure wool-grease and of the potash 
are mere matters of detail. The saturated bisulphide flows from the last 
tank into a specially constructed retort, from which the molten wool-giease is 
obtained in a continuous stream, while the fresh distilled bisulphide is passed 
again into the machine. f 

* See Jovm Soc Dyera and Col , 1888, p. 197. 
t Joum Soc. Dyera and Go/., 1889, p. 19. 
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BnmelFa machine consists of two wrought-iron vessels, m the first and 
larger of which the wool is caused to pass slowly through petroleum spirit, 
being pressed in its passage through the liquid by means of a senes of about 
twenty rollers against a large central cast-iron bowl or drum. In the second 
vessel the wool is similarly treated in warm water. The counter-current 
system is also adopted in this madnne, and the bye-products may be recovered 
as in the foregoing system.* 

Neither of these processes appears to be in practical use at the present time. 

According to another process, patented by Mertens,t the wool is extracted 
in a senes of upnght iron cylinders with petroleum spirit on the counter- 
current principle. After the wool has been extracted three (or four) times, 
it is dned %n situ by means of a current of heated carbon dioxide It is 
then extracted with water in order to remove the auint The process is 
successfully earned out by the “ Solvent beige in Verviers and elsewhere 

Extraction by means of volatile solvents is the only rational means of 
cleansing those portions of the fleece contaminated with paint or tar which has 
been used by the farmer for the purpose of identifying the sheep. 

WOOLLEN AND WORSTED YARN 

As they are delivered to the dyer, most woollen aud worsted yarns contain 
oil which has been purposely added in order to facilitate the spinning Tlie 
oils used for the purpose are usually non-drying vegetable oils which readily 
emulsify with soap solutions, such as olive oil, cotton-seed oil, oleic acid (olein), 
and, latterly, noinoleic acid,J while some spinners employ Turkey-red oil The- 
use of mineral oils for the purpose is to be strongly deprecated, since they are 
very difEicult to remove by scourmg According to H S. Smith, § the use of 
oil of any kind has a detenoratmg effect on the ultimate fabric as far as colour 
and finish are concerned Worsted yams contain, on on average, about 2 to 3 
per cent, of olive oil, while the amount of oil put into shoddy yarn may in 
some cases exceed 16 per cent, of the weight of the material. Worsted yarns 
spun on the French system (mule-spun) contain no oil 

It IS necessary to wash or “scour” the yam for the purpose of remoidng 
the oil before it can be dyed or bleached If this is omitted, the presence 
of the oil will cause the yarn to wet out badly and unevenly, and uneven 
dyeing may result For cheap blacks the scouring is sometimes omitted. 

Some yarns, especially those made from lustre wool, have the property of 
“curling” when brought m contact with water to .such an extent that the 
whole hank might become entangled In order to avoid this, such yarns, 
are “stretched” before scouring. For this purpose the hanks are tightly 
stretched on a frame like that shown in Fig. 43, consisting of two double 
rows of spindles, 0, mounted on two iron beams, A and B, of which A can 
be moved away from or towards B by means of set screws, D When filled, 
the frame is immersed in boiling water for about half an hour, then taken 
out and allowed to cool The position of the hanks on the spindles is then 
changed by turning them half round, and the frame is again immersed in 
the boiling water for some minutes. The yam thus becomes evenly stretched, 
and is found to have completely lost its property of curling By means of an 
improved arrangement, patented by Frusher, a second stretching is rendered 
unnecessary, the spindles or arms of the stretching frame being caused to 
revolve slowly. 

* Joum. Soc Dyers aiid Col , 1900, p 2 . 

+ See also TGxt%le Colorvtt, 1906, p 65 
j Jemm Soc. Dyers and Col,j 1905, p 170. 

§ Ihd , lfc04, p. 77. 
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In this prooess the ■wool fibres, rendered plastic by the action of the 
filing water, are subjected to considerable tension which straightens them 
On Moling under tension they retain the shape imparted to them by stretching 
at the boilmg temperature. The same principle is adopted in the ‘‘curhng’’ 
of worsted yams used in the manufacture of imitation “astrachan” and otliar 
&bncs To obtain this efiect the yam is twisted as tightly as possible, tied 
m this pMition, and boiled in water. On cooling and opening out, it is found 
to be curled. o > 

^e scouring is done with a solution of soap, or of soap and soda (4 per 
wnt. soap md 3 per cent, soda are usually sufficient), at a temperature of 
■35 to 40 0. In some works the operation is^conduoted in rectangular 



Fig 43. — Stretching frame for worsted yarns. 


wooden vessels, heated by steam, capable of holding on an average 100 lbs 
of yarn The hanks are suspended in the soap solution on sticks which ho 
across the vat, and are turned two or three times, after which they are taken 
out and washed in water to remove the surplus soap solution They are then 
hydro-extracted, and are ready to be dyed 

A simpler and more rapid method consists in turning the hn.nirg two or 
three times by hand m the soap solution which is contained m a square 
wooden vat, at the side of which there is a pair of squeezing rollers with 
a travelling apron leading up to them The rollers may be constructed of 
^st iron, and covered with some soft protecting material (such as silk noils) 
to prevent the yarn being damaged. To prevent any damage to the yarn 
by too sharp a nip, springs are interposed between the screws reeulatin/ the 
pressure and the bearings of the top roller, ° 
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In -w-orking by this method, the operator always has two hanks in the 
liquid, one o£ which he turns while the other is allowed to soak The one 
which he has turned two or three times he throws on to the travelling apron, 
by which it is earned to the squeezers. Before begmnmg to turn the second 
hank he puts a fresh one m to soak, and so on. After soourmg, the hanks 
are washed and hydro-extracted. 

Although several machines have been devised for washing woollen and 
worsted yams, they have met with little favour among dyers. One arrange- 
ment of this kind consists of a rectangular wooden vat containing the soap 
solution At one end there is a travelling apron and a pair of squeezing rollers, 
while over the vat are three bobbins which have an alternate backward and 
forward motion. The yam is suspended on the bobbins, and the turnmg, 
otherwise done by hand, is done by the machine. There does not, however, 
appear to be any savmg in labour since some one must be there to put on 
and take ojff the hanks from the bobbins. It is questionable whether such 
a machine offers any advantages over the method of washmg by hand. 

In dealing with large quantities, the hanks are sometimes tied loosely 
together, end to end, with string, and passed in rope-form two or three tunes 
up and down through the soap solution, and then tmrough a pair of squeezmg 
rollers covered with some soft material. 

The waste totters from the washing of woollen and worsted yarns consist 
essentially of an emulsion of oil in soap, and shoidd not be allowed to flow 
away, smee the regeneration of the soap does not present any difficulties It 
suffices to run the waste waters into tanks, add an excess of sulphuric acid, 
and collect, drain, and hot-press the resultmg magma of fatty acids and oil. 
The resulting grease can easily be converted mto soap by boilmg with the 
necessary amount of caustic alkah or of a mixture of carbonate and caustic. 


WOOLLEN AND WOBBTED PIECES. 

In the manufacture of plain goods it is not usual to scour the yarn before 
weaving, such pieces, therefore, contain all the oil which was originally 
contamed in the warp and weft. For common blacks or heavy woollens, the 
oil IS frequently left in, the pieces being mordanted and dyed without scouring 
previously. liow class worsted coatings are simply washed in soda and then 
steamed But for better class blacks and for colours, all piece goods are flrst 
scoured m soap or m soap and soda. 

Generally this is effected in a washing machine known as a “ dolly ” (see 
Fig. 44) 

The machme consists essentially of a large wooden trough, V, seated on 
brickwork, and provided with a pair of squeezing rollers, AB, two guide 
rollers, C D, and a small trough, T The pieces to be scoured are stitched 
together end to end (four to five or moreh and run in the direction shown by 
the arrows from the warm soap liquor m V through guide pegs (not shown in 
figure) over roller, 0, and thence between the pair of heavy wooden bowls, 
A B, of which A is direct driven, while B, which runs in slotted bearmgs, 
merely presses with its own weight agamst A. The dirty liquor which is thus 
expressed from the pieces falls mto trough, T, and flows away After passing 
through the squeezers, the pieces pass over the guide roller, D, back mto the 
mam trough,''Vj then agam through the gmde pegs and squeezmg rollers, and 
ultimately pass out at the left-hand side of the machine. Fig 46 shows a 
perspective view of a machine of this kind. In the improv^ machine of 
L P. Hemmer, the squeezmg bowls are nbbed or fluted, and this arrangement 
is said to offer considerable advantages over the plain bowls, inasmuch as the 
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Mjtion of the detergent is thereby amplified, while the pieces are not so liable 
bo lap round fiuted rollers as round smooth ones. 



Fig. 45. — Washing machine (dolly) for woollen pieces. 


For pieces which are hable to crimp or crease the dolly is not suitable. 
Such goods are washed m broad-washing machines, one of which is shown in 
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Pig 46. In principle these machines are similar to the dolly, the < 
essential difference being that the pieces are made to pass through 
rollers and the scouring liqmd at full breadth instead of in rope-form. 
After scounng, the goods are washed lu water to remove the soap. 



Fig 46 — Open washer or broad- washing machine. 


Broad-washing machines are also found especially useful in washing a£ 
milling, preparatory to dyeing, owing to the thorough manner in which tl 
remove the impurities. In many works they have, to a large extent, tai 
the place of the dolly. 


WORSTEDS AND UNIONS. 

Pieces made with cotton warp and worsted weft “ cockle ” when put ii 
water — , the surface of the piece becomes uneven owing to the differc 
degree of contraction of the two fibres. By stretching, or drying in a stretch 
state, this unevenness can be overcome, but it will show itself again as soon 
the material gets wet. The same defect shows itself, though in a more limit 
degree, m worsted fabrics m which the warp and weft are made of differe 
classes of wool 

Crabbing — Such goods are subjected before scouring and dyeing to 
operation tenned “ crabbing,” which is analogous to the stretching of worst 
yarn, and which causes the setting of the piece m such a manner that it dc 
not cookie when wetted In orabbmg, the pieces are drawn at full bread 
and under considerable tension through boiling water, beamed and allowed 
cool They then retain the stretched position in which they were beam( 
provided that they are not subsequently subjected to a higher temperati 
than that of the water through which they were drawn. 

The principle of the crabbing machine is shown in Pig 47 The goo 
wound tightly on the beam, A, are drawn under great tension (produced 
means of a brake, b, on beam, R) through boiling water contained m the trou^ 

in 
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A, by the bo'v^la, B and 0, of winoh 0 is direolninven, while B rests with its 
own weight on C and is earned in slotted bearings The pieces are thus 
wound evenly and under considerable pressure and tension on to B. 

Fig. 48 shows a crabbing machine with iron rollers, in which the pieces can 
be drawn twice m succession through the boiling water and beamed The 
third bowl contains cold water. Of each pair of rollers, the lower one is driven 
by spur gearing, while the upper one can be raised or lowered at will for the 
purpose of decreasing or increasing the pressure. 

Both tension and pressure are regulated by experience to suit the finish 
subsequently required. 

Steaming — In order to expose the pieces in the stretched condition to a 
higher temperature than they will be exposed to during any of the subsequent 
operations of dyeing and finishing, they are steamed The last roller on which 
they are beamed in crabbing is a perforated iron cylinder. The outside of 

1 

^ .r 


LJ^ 



Pig 47 —Single crabbing. 

the pieces on the cylinder is enveloped in canvas, and steam at about 40 lbs. 
pressure is admitted through the bottom axis until it has traversed the whole 
thickness of the layer of material. After the first steaming, the pieces are 
allowed to cool, and are drawn under tension on to another perforated cylinder 
and steamed again. In this manner, those portions of the piece which wore 
furthest away from the centre (where the temperature is greatest) come nearest 
the centre, and the effect of the steaming is more even. If this second 
steaming is omitted, the goods may become “ ended,” a fault which is due to 
the fact that high-pressure steam imparts to the wool an increased affinity for 
colouring matters. But, although twice ateammg equalises to a large extent 
the effect of the steaming in this respect, those pieces which lie m the middle 
are necessarily exposed to a less severe action than the ends It should be 
borne in mind that wool is easily affected by steam at high temperatures, and 
that too high a pressure in steaming may easily result in a tendering of the 
material. 




WORSTEDS AND UNIONS. 

The position of the cylinders in steaming may either be vertical 
horizontal, but in both systems unevenness may result from condensatic 
This danger may be avoided in horizontal cylinders by causing them to revol 










slo’^vly during the steaming. An arrangement of this kind, in which the stean 
may be caused to pass through from the centre or towards the centre, has beei 
patented by Olay.* 

*Joum, Soc Dyers and Cci , 1891, p 169. 
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Fig. 49 ia a longitudinal section of the machine, which comprises a box or 
chest, A, provided with a lid or cover, B, capable of opening upon hinges As 
it is necessary for the box or cheat to be steam- or air-tight, the hd, B, is 
hermetically sealed to the lower part of the cheat by screws and nuts. The 
cloth or fabric to be treated is wound upon a perforated cylinder, the 
journaJ, NT, of the cylinder is made hollow and is inserted into the tubular 
revolving shaft, 0. The opposite end of the perforated oyhnder is closed and 
provided with a cup, P, for receiving the centre, Q, which is made to move 
endwise to and from the cup by the hand wheel, E, after the manner of the 
spindle in a ahde lathe. Each end of the box or chest isj)rovided with stuffing 
boxes, S, which permit of the parts revolving whilst remaining steam-tight 
The hollow revolving shaft, 0, causes the perforated cylinder to revolve, the 
hollow shaft receiving its rotary motion by means of a worm wheel, T, gearing 
with a worm, 17, driven by the di’ivmg pulleys, T 

The mockfiS opera/ndi is as follows . — ^The hollow shaft, 0, is placed in 
communication with a pump or exhaust fan, the result being that the air is 
drawn through the fabno, and through the perforated cyhnder, passing away 
through the hollow shaft. When a vacuum has been tius formed, steam is 
mtroduced into the box through perforated pipes, W, and is drawn through 



Fig. 49. — Olay’s staaming arrangement. 


the fabric by the exhausting fan or pump. The pressure of the steam within 
the chest is indicated on the st^m gauge, X The perforated cylinder 
contmues to revolve during the steaming action, and the length of time the 
steaming is continued will depend upon the class of goods under operation, and 
the discretion and judgment of the operator. T represents a valve for 
emptymg the chest or box. Provision may be made for collecting the ejected 
liquid in any suitable form of receptacle, so that it may be re-used. 

By a suitable arrangement of valves attached to the pump or fan, steam, can 
be forced through the fabric m the reverse manner to that described, whereby 
both the inner and outer surfaces of the rolled fabric will be equally acted 
upon. Liquids may also be applied to the fabric in the same manner, and by 
sonnecting the valve, Y, to the pump or fan a complete circulation of the dye 
Dr other liquor is obtained. 

After crabbing and steaming, the pieces are scoured previous to dyeing. 
The scouring ia sometimes effected with advantage in the crabbing machine 
3y substituting for the water in the first bowl a solution of soap or soda, or a 
nixture of both. This prevents the “setting” of the grease in the wool 
SVhen once “set,” the grease is difficult to remove No investigations appear 
o have been made for the purpose of investigating the cause of this fault 

Woollen goods are also frequently steamed, or crabbed and steamed, with 
he object of obtaining certain “finishes.” 



BLEACHING OF WOOL. 




BLEACHING OF WOOL. 

The meiihod usually adopted for the bleaching of wool differs entirely frc 
those used for the vegetable fibres. Indeed, were wool to be subjected to t 
same treatment as cotton, it would be completely dissolved in the first lime-bo 
Nor has a treatment with chloride of lime any beneficial effect in removing t 
natural yellow colouring matter of the fibre. 

The bleaching agent most usually employed is sulphurous acid, eith 
gaseous or in solution as bisulphite, but generally gaseous. The operation 
bleaching wool with gaseous sulphur dioxide is technically known as stomng. 
Wool is sometimes bleached in the unmanufactured state (after washii 
and carbonismg), also as slubbmg, but generally either in the yarn or piec 
Dyed yarns — e.g , such as have been dyed with feliodamine or Victoria blue- 
aie sometimes stoved m order to brighten the shade 

For the stoving of worsted or woollen yarns, the hanks, after having bet 
carefully scoured, are blued m a weak soap-bath containing a slight quantity 
some such colouring matter as mdigo carmine, Methyl violet, Methylene blu 
&c , and are then hydro-extracted. They are then suspended on wooden ro( 
and placed in the sulphur stoves, where they are exposed for six to eight houi 
or over night, to an atmosphere of sulphurous acid produced by simply burnii 
stick sulphur in the stove in an iron pot The usual sulphur stove consists 
a small bnck or stone chamber, sometimes lined with v.rood, glass, or lea 
5 to 6 feet broad, 8 to 10 feet deep, and about 6 feet high Oare is taken 
constructing such stoves to exclude all iron or other metals (wooden pegs beii 
used in place of nails, &c ), since they would soon be destroyed by the ac 
atmosphere and might give use to stains on the yarn. The average quantu 
of sulphur used is 6 to 7 lbs. for every 100 lbs. of wool. 

When the operation is over, the doors of the stoves are opened, a diaft ■ 
air 18 drawn through by removing the lid of an opening at the bottom end > 
the stove which is in connection with the works' chimney, and the yarn 
taken out, aired, and dried 

For pieces the process is the same, but the construction of the stove 
different The pieces are sewn together, end to end, and pass through 
nairow slit m the side of the stove, then many times up and down ovi 
wooden rollers, and ultimately out again at the same slit 

By stoving alone, it is not possible to obtain an absolutely pure white, 
small amount of yellow still remaimng in the material. The effect of this ca 
be counteracted by blueing, which practically amounts to dyeing or tinting tl 
wool with a colour complementary to the yellow, and thus pioducing an ii 
visible grey. Bluish-violet dyestuffs yield the best results in this respect, bi 
other dyestuffs, such as indigo extract, Alkali blue, Acad violet, Cryst^ viole 
Light green, Victoria blue, and even Violaimne, Rhodamine, and archil ah 
find employment Night blue and Lauth's violet have been found speciall 
suited for the purpose The yellow colour may also be to a large exter 
concealed by the use of white mineral colouis, such as chalk, calcium sulphat 
barium sulphate, or zinc white, and these, like the dyestuffs used for bluein; 
may either be applied before or after stoving The following method of bluein 
piece goods after stoving is sometimes used — 

The pieces are first run in a dolly with water, until thoroughly wette 
.out, then run three times in succession in the same machine throug 
freshly precipitated barium sulphate (prepared from 4 kilos. Glaubersalt on 
3 kilos barium chloride for every 100 kilos of wool), along with the necessar 
amount of blue The barium sulphate is taken up, along with the colounn 
matter, by the fibre If the goods now match the pattern, they are washe( 
hydro-extracted, and dried 
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The bleaching action of the sulphurous acid is quite different to that of 
chlorine Some regard it as a reduction of the yellow colouring matter of the 
wool to a colourless leuco-compound, analogous to the reduction of Magenta 
to colourless leuco-rosaniline by passing sulphurous acid into the solution. 
By others it is supposed that the sulphurous acid combines chemically with 
the colouring matter, forming a colourless and soluble sulphurous acid com- 
pound, analogous to Alizarin blue S or Ooerulein S (gv). That the change is 
not a permanent one is shown by the fact that stoved wool, if treated with 
alkalies like soap, again assumes ite original yellow tinge. 

Stoved wool teimciously retains the sulphurous acid with which it has been 
treated In stoved yarns, which are subsequently woven into coloured fancy 
fabrics, this fact is frequently a drawback, since the sulphurous acid in the 
stoved yarn may frequently oleach coloured yams which cross it. In order 
to avoid this, Q-. Lunge recommends a treatment of the stoved yam with * 
POTOxide of hydrogen by passing it through a dilute solution of this reagent. ' 
The sulphurous acid is tins rapidly and completely converted into sulphuric 
acid (which is harmless), while at the same time a further bleaching takes place 
In place of stoving, wool may be bleached by means of a solution of 
sulphurous acid or bisulphite of soda. In bleaching with sulphurous acid, 
the wool, previously well scoured, is steeped for twenty-four hours in a strong 
solution of sulphurous acid, wrung, and weished. For preparing the sulphurous 
acid solution, the liquefied sulphur dioxide, brought into the market in copper 
drums, is a convenient article. Free sulphurous acid has the disadvantage of 
m]uring the health of the workpeople 

For bleaching with bisulphite of soda, J ustinus Mullerus recommends the 
following process • — The scoured wool is steeped for twelve to fifteen hours m 
i solution of bisulphite of soda at 32® Tw., and after wringing, but without 
washing, it is passed through sulphuric acid at 6* Tw. Sulphurous acid is 
thus generated on and in the fibre. 

A fairly good white may also be obtained by treating the wool for a half 
X) two hours m a bath containing 20 to 30 per cent, sodium bisulphite, and 3 
o 6 per cent, sulphuric acid ^of the weight of the goods) After rinsing, the 
vool is blued with Methyl violet, Acid violet, or Fast acid violet m a warm 
loap-bath. 

Bleachmg of Wool with Hydrosulphite of Soda.— The bleaching agent first 
)roposed for this purpose by F. Y. Kallab* is prepared by gradually adding 
ino powder to commercial bisulphite of soda diluted with about four times 
ts bulk of water until no further reaction takes place. Milk of lime is then 
dded in order to precipitate the zinc , and the clear supernatant liquid, which 
oarks to 5® Tw., is used for bleaching. Small quantities of acetic acid 
nd of jSnely-ground mdigo are added to the bath The latter serves for 
lueing, being reduced to indigo white, and acting as a dyestuff in spite of 
be batii not being alkaline (private communication from F Y Kallab). The 
'■ool to be bleached is scoured and then immersed in the bleaching liquor 
)r twelve to twenty-four hours. It is then taken out, washed in weak soda 
ilution, then in water and exposed to the air, when the reduced indigo is 
ddised on the fibre. 

Bleaching of Wool with Hydrogen Peroxide and Sodium Peroxide. — This 
ethod is not very extensively used, owing to the expense of the bleaching 
;ent, though it finds increasing application for high-claas goods, since it 
elds a better and more permanent white than that obtained by stoving 
bellf recommends the followmg process — The wool is immersed in hydrogen 
roxide of 3 per cent , to each htre (100 galls ) of which ai’e added 20 c c. 

* See also Dommergue, Joum 8oc Dyers and Qd,f 1890, p. 111. 

j‘Jou7n. Soc. Dyers and Col , 1888, p 29. 
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(2 galls.) ammonia (sp. gr 0*9 10) and left at the ordinary temperature (12® tc 
17° 0.) for twenty-four hours. If the temperature is raised to 30° 0. th€ 
bleaching proceeds more rapidly, and is finished in eight to ten hours Anothei 
method suggested is to steep the wool in the ammoniacal solution of hydro o-er 
^roxide, wring it evenly, and dry in the air at the ordinary temperature 
During the drying, the peroxide becomes concentrated on the fibre (acoordma 
to Ebell) from a strengtti of 3 to 20 per cent , before an appreciable decomposi 
tion begins to take place, and it thus acts much more energetically. 

According to H Koechlm, wool pieces which have been previously well 
wetted-out are run through a mixture of hydrogen peroxide of 12 volumes 
strength (1 vol ), water (1 vol ), and silicate of soda 32® Tw. (^ vol ), aftei 
which they are batched and allowed to he for twenty-four hours, after which 
they are washed and dried. In another process recommended by Koechlin, 
the goods, after wettmg-out and hydro-extracting, are run through hydrogen 
peroxide (1 vol ), water (1 vol ), and silicate of soda voL), steamed 
for two minutes, washed, and dried 

^For bleaching with sodium peroxide, the wool is placed in a bath heated to 
30 0 , and contaimng 30 per cent (of the weight of the wool) m^nesium 
sulphate (free from chlorine), in which it is turned several times The wool 
is then taken out, and 10 per cent sodium peroxide added to the bath, when 
the wool IS re-entered and left in the bath for several hours. The bleaching 
acbion can be accelerated (IJ to 3 hours) by heating the bath to 50“ to 60“ 0. 
The bleached matenal iA washed in water containing sulphuric acid to remove 
the magnesia, and is then dried. 

In place of using magnesium sulphate in preparing the bleaching bath, it 
is more economical to use sulphuric acid. For this purpose 3 parts by weight 
of sodium peroxide are dissolved in a cold solution of 4 parts sulphunc acid 
in a large excess of water. The solution is then tested with litmus, and exactly 
neutralised by the further addition of either acid or peroxide as may be found 
necessary From 3 to 6 parts soluble glass 90“ Tw are then added. 100 lbs. 
wool require for bleachmg about 10 lbs sodium peroxide. 

The bleaching effect of hydrogen peroxide is undoubtedly due to oxidation ; 
but our knowledge of the reaction ends here, since we are unacquainted with 
the nature of the substances which it removes. 

Bleaching of Woollen Pieces for Fimting, — A common practice is to pass the 
pieces, after stoving, through chloride of lime acidulated with hydrochloric acid. 
This treatment destroys all the sulphurous acid retained by the fibre and chlor- 
inates the wool, thus imparting to it a greater affinity for colourmg matters 

H Koechlin recommends the following process : — The pieces are drawn at 
full breadth through hydrogen peroxide of 12 volumes diluted with two to ten 
times its volume of water, according to the thickness of the matenal, the 
stronger bath being required for the denser textures They are then squeezed 
batched on wooden rollers, and allowed to lie for twenty-four hours in this 
state. Then follows a treatment in bisulphite of soda at 64“ Tw., also diluted 
with 2 to 10 parts of water The pieces are beamed again and dried. They 
are then washed and ohlormated m a dolly with about 6 per cent chloride of 
lime and excess of hyvirochloric acid After chlorinatmg they are washed and 
dried , and are then ready for printing. 

Carbomsmg or Extracting — It has already been pointed out (p 134) that, 
in the condition in which it comes into the market, wool contains, in addition 
to auint and yolk, vegetable impurities (burrs) which cannot be entirely got rid 
of in washing. These burrs which cling to the fleece of the sheep are the fruits 
of plants (burr weeds) which represent principally different species of the genus 
Xanthvu/m (nat. ord. Composites) or of Methcago * (nat. ord Leguminous plants). 

* The most oonunonly oooumng is the Medicago hiapxda (Bathurst burr). 
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It IS especially those belonging to the latter category (medioks) which, owing 
to their peculiar structure, it is impossible to entirely remove by combing, 
carding, or any other mechanical process. These burrs are almost invari- 
ably present in Botany wool, more especially in the better qualities Fig. 
50 shows the appearance of one of the three spiial parts of a fruit of this 
kind When ati etched out fully it measures nearly an inch in length. 

The only radical means of getting rid of burrs is to destroy them by 
chemical means, and this is effected by carbonising, a process originally intro- 
duced during ihe fifties (by Gustav KcJber). The same process serves for the 
iestruction of vegetable fibres in woollen rags, previous to their being employed 
LjQ the manufacture of shoddy and mungo 

The principle of carboniaing lies in the application of solutions of certain 
nineral acids (or salts of such, which dissociate on heating) which, when con- 
centrated on the matenal by drying, con- 
. ' ' vert the cellulose mto hydrocellulose. 

The latter crumbles to a powder or dust 
when rubbed, and is thus easily removed, 
while the wool suffers but little (if at all) 
by the treatment 

Gauze patterns may also be obtained 
in fabnca by adopting the some principle, 
in the following manner* — The fabrics 
which are woven from union yarns (mix- 
tures of cotton and wool) are printed 
with thickened alumimum chloride, and 
dried The cotton is thus destroyed, 
leaving the wool, and that portion of the 
fabric IS impoverished to such an extent 



ig. 50 — Single spiral of burr (MediokJ 
X diameters. 


as to represent only a gauze. 

Carbonismg Loose Wool. — In some 
cases the raw matenal is first washed 


with water only, then carbonised, and 
ibsequently washed or scoured with soap. But, ordinarily, the scouring 
'e cedes the cai’bonising 

The scouted wool is first steeped for two to three hours in sulphuric acid at 
to 6“ Tw , allowed to drain, and hydro-extracted. The cage of the hydro- 
tractor should either he enamelled or covered with canvas to prevent non 
3.1ns. The removal of the excess of acid may also be effected by means of two 
. ira of squeezing rollers, the first being fluted, the second consisting of rollers 
larger diameter, of which the lower one is covered with gutta-percha, while 
a upper one is of bronze The wool thus treated is evenly spread on wooden 
btice frames, of which several are placed on a framework running on wheels, 
id this latter is then pushed into the drying stove. The drying is first 
n ducted in a current of air passed in from below at a temperature of about 
O , and when no more moisture and acid vapours come off the an current is 
beirupted and the stove heated to 90“ to 100® C. At this temperature the 
rboniaing is rapidly effected 

The drying of the wool may also be effected on the counter-current principle 
a machine which consists of a chamber in which are fitted travelling aprons 
brass wire netting The wool is fed in at the top, and is carried along to 

0 end of the first travelling apron, where it drops on to the one immediately 

low it, and so on until, on arriving at the bottom of the chamber, it is 
zed by a pair of squeezing rollers, which e 3 ect it from the machine, 
e heating is effected by means of hot air from the flanged pipes, and the 
(choosing the course of least resistance) is drawn up slowly by of a 

1 in a direction contrary to that nf tbo 




Fig. 61. — Burr-oniflhing machine (Whiteley & Sons, Ltd.). 


pulvenaed hydrocellulos© is shaken out. The batter is enclosed in a perforated 
cage, to whi^ an exhaust fan is attached, which withdraws all the dust and 
pulverised matter. 

After this mechanical cleansing process, the acid remaining in the wool is 
removed or neutralised This is effected by first washing in water, hydro- 
extracting, and then steeping in a solution of soda at 6® to 7“ Tw. for about 
half an hour. It is then thoroughly washed in water After washing, the 
wool should be tested to ascertain whether it still contains free acid, which is 
best done hy means of blue litmus paper. This should not be reddened ; on 
the other hand, although the wool should show a slight alkalinity, it should 
not give too pronounced a blue on red litmus paper The incomplete removal 




A MANUAL OF DYEINO. 


154 

of the acid after carbonising may give rise to trouble in the subsequent opera 
tiona, especially owing to the action of the acid on the metal parts of the 
preparing, oardmg, and spinnmg machinery. It should be noted that after 
carbonising wool has a greater affimty for colouring matters than before, and 
that consequently the two kinds cannot be used indiscriminately, as otherwise 
faults may occur after dyeing v^hich are difficult to remedy 

Carbonising Wool in the Piece Wool is also carbonised m the piece, 

with the same object and by the same means as those which apply to the 
loose material. This practice has of late years been on the increase, the 
material being more convemently dealt with in the piece than in the loose 
condition. Woollen cloth may be carbonised m the grey state — ^ e , just as it 
comes from the loom— and in this way the burrs ore more completely lemoved 
than if the treatment is conducted after nulling, cropping, raising, (fee On the 
other hand, the carbonising of woollen goods after these operations have been 
gone through offers the advantages of economy, and any deleterious action 
which the acid may exert on the milhng properties of the fibre does not come 
into account. Piece goods may also be carbonised before dyeing,^ or between 
the operations of milling and raising, or lastly for whites and light colours 
befoi'e milling (so that the blackened burrs are completely removed). On the 
other hand, it is found advantageous, in many cases, to carbonise after dyeing, 
but since many colours, logwood especially, will not stand the action of sul- 
phuric acid without bemg materially altered in shade, either aluminium 
chloride or magnesium chlonde is frequently used in place of the acid. The 
action of these salts depends upon the fact that they are hydrolytically dis- 
sociated on drymg, yielding free hydrochloric acid, which destroys the vegetable 
matter like suiphuno acid — ^ 

AlClj + 3HsO Al(OH)s + 3H01. 

MgCla + 2 H 2 O Mg(OH:)fl + 2HCL 

The acid thus liberated has practically no effect on the colours, even log- 
wood remaiTiiTig unaffected, this bemg probably due to the presence in the 
fibre of an eqmvedent amount of base (Al(OH )3 or Mg(OH)o). Aluminium 
chlonde is chiefly used for the purpose, smee magnesium chloride, though 
considerably cheaper, requires a temperature (140° to 160" 0 ) to bring about 
its dissociation, at which the wool is liable to turn yellow. It gives, however, 
a harsh feel to the wool (see below), and is rather expensive i hence sulphuric 
acid is preferred whenever possible, 

Cbrhoniamg with gaseous hydrochlonc acid* is also employed, chiefly for 
woollen rags. This treatment also tends to destroy any silk which may be 
present. 

Pieces to be c^bonised must first be freed from grease by washing in soap, 
and the latter must be completely removed by subsequent washing in water 
The goods are then steeped and slowly turned in the acid bath for about one 
X) two hours. Suiphuno acid is used for this purpose at a strength of 6" to 
r Tw., while aluminium chloride should have a strength of 9° to 12" Tw , and 
nagnesium chloride up to 16" Tw. When the acid has thoroughly penetrated 
nto the material, the pieces are squeezed or hydro-extracted to remove excess 
>f acid. In this condition the goods should not be allowed to he for any length 
)f time exposed to the air, otherwise they will dry in places, especially at the 
olds, and there become tender, while the wool in the tender places no longer 
jossesaes the same affimty for dyestuffs as the rest of the piece. This fault 
3 erroneously supposed by some to be due to the action of light (especially 
irect sunlight), and for thia reason the windows in the carbonising sheds are 
Dmetimes made of coloured glass 

*J'own Soc. Dyeia and Ool,^ 1885, p, 3 
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The pieces are now dried, and this may be effected in various ways. The 
simplest method is to pass them over lapped drymg cylinders, but this method 
IS not largely adopted because of the damage which may thereby accrue to the 
cylinders and the harsh or “bask” feel which is imparted to the wool. Much 
better results are obtained by drying the pieces in a continuous drymg stove, 
either in a current of hot air or by allowing them to pass in close proximity fco 
steam-heated plates or pipes or over steam-heated cylmders In one form of 
machme they pass up and down over rollers situated respectively at the top 
and bottom of the Camber, and leave the latter in the dry state. Steam- 
heated pipes run between the ascendmg and descending pieces all through 
the chamber. Another form of drying machine, which is largely used, consists 
of two horizontal drying chambers, in the first of which the pieces are dned 
in a current of air heated to between 56* and 66® 0. Thence ^ey pass into 
a second chamber, m which they are heated to between 90* and 110* C., which 
completes the carbonismg. Oare should be taken to prevent condensation in 
the drying chambers, since any drops which get into the pieces are liable to 
produce either thm places or holes. 

According to circumstances, the goods are now either neutralised directly 
or they are first dry-milled in order to break up the burrs. This latter 
operation may be effected by running the goods dry for a short tune through a 
dolly or milling machine. Then follows Sae removal of the acid For goods 
which are subsequently to be dyed with acid colours, washing for twenty to 
thirty minutes m a dolly with water suffices, in case the dyestuff to be used 
has the property of dyeing level. But, if tiie dyestuffe do not possess this 
property, or the goods are subsequently to be dyed in the indigo vat or 
witii mordant dyes, or have to be milled after carbonising, it is absolutely 
necessary that the acid should be carefully and completely neutralised. The 
neutralising is effected by running the goods first through water and then 
through soda in a dolly or broad washmg machine, and then again through 
water When aluminium chloride has been used for carbonismg, the goods 
are liable to acquire a harsh feel in consequence of. the deposition on 
the fibre of alununium hydrate. Such goods are best washed first in pure 
water and then m water containing a small amount of sulphuric or hydrochloric 
acid, then again in water containing a httle fuller's earth and soda 


DISCHARGING AND BLEACHING OF SILK. 

Haw silk generally has a coarse appearance and a harsh feel; and is, 
consequently, seldom made use of for manufacturing purposes. In order 
to bnng out its characteristic and valuable properties, it is necessary to 
remove the silk gum or sencine, which sticks the individual fibres together 
The operation which is known as vm^vmmvng (Fr , degommage), st/npping^ or 
discha/rgmg may be effected m various ways, of which the following is the one 
most generally adopted The process is generally carried out in two stages. 

First Operation. — The hanks of silk suspended on wooden sticks are 
immersed in a soap solution contained in a rectangular wooden vat, the 
sides of which are covered with canvas. The soap usually employed for this 
purpose IS a good neutiul Marseilles or olein soap, and the amount taken varies 
fiom 20 to 35 per cent, of the weight of the silk The temperature of the bath 
should be 90° to 96° 0 , boihng must be avoided, since it would tend to 
entangle the silk and would cause the yellow colouring matter which is 
contained in some silks to become fixed on the fibre. The hanks are turned 
two or three times in the hot soap solution for one to one and a-half hours, 
during which the silk at first swells up considerably and becomes sticky , but, 
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as the serioine is dissolved off, the individual fibres begin to make their 
appearance and the silk becomes soft and glossy. Por white silk or delicate 
colours, the boilmg-off is preferably not done in one, but in three separate 
baths, in each of which the hiiks are turned for 20 to 30 minutes As soon 
as the first bath has become charged with silk gum, it is emptied and filled 
with fresh soap 'solution and then serves as the last bath, and so on, so that 
a sort of counter-current is established, m which the fresh hanks are always 
treated with the soap solution which has been used twice over, while the last 
treatment is effected with fresh soap solution. 

The thick waste liquor which comes from the last bath is a solution 
of sencine m soap, and is used as an addition to the dye-bath in dyeing silk 
with coal-tar colours, under the name of hoUedroff liquor 

Soft water only should be used for boilmg off, calcareous impurities bemg 
liable to mar the lustre of the silk If none but hard water be available, it 
must be previously softened or corrected by suitable treatment, which will 
depend upon the nature of the hardness. 

Many silks contain a small amount of lime in the sericme To remove 
this, the hanks are steeped, before boiling-off, for a short time in dilute 
hydrochloric acid, after which they are washed and passed through a weak 
solution of soda crystals. 

The boiled-off silk is rmsed in weak soda solution and wrung At this 
stage it can be dyed in medium to dark colours, but if it is to be dyed white 
or in hght colours, it is subjected to the next operation. 

Second Operation. — The boiled-off hanks are tied loosely together with 
smooth tape, placed in coarse linen bags and boiled in round copper boilers 
for one-haJf to three hours, accordmg to the quality of the silk, with 10 to 
16 per cent. Marseilles soap. If the silk is not liable to become entangled, the 
bags may be dispensed with and the boilmg done in open vessels, as in the 
first operation. The hanks are then taken out, rinsed in weak soda solution, 
then m runnmg water, wrung evenly and dried. 

The average loss in weight experienced in the boiling-off and discharging 
amounts to 26 to 30 per cent, for European, 18 to 22 per cent for Japanese 
and Chinese silks 

Silk being an expensive article, such losses m weight materially affect the 
price of the finished article, and the dyer is frequently desired to reduce the 
loss to a minimum by means of a different mode of treatment 

Souple Silk IS raw silk which has been treated in such a manner as to make 
it fit for dyemg, while the sencine is only partially removed 

1. Scouring {d^graiascbge), — The silk is turne^l for one to two hours in a 
solution containing 10 per cent, of soap at a temperature of 26“ to 36“ 0 
This treatment effects die removal of the fatty and wax-hke impurities, and 
at the same time softens the fibre and causes it to swell. The operation 
IS repeated. 

2 BleacMng (blcmchiTrient) — The scoured silk is turned for a quarter of an 
hour in a solution of aqua regia * at 3“ to 4“ Tw. Too long an immersion in 
the acid must be avoided, otherwise the silk is liable to be turned yellow 
by the nitric acid In place of aqua regia, many dyers prefer a solution 
of “nitrose” (solution of nitrous acid in concentrated sulphuric acid) in water. 

As soon as the silk has assumed a greenish-grey colour, it is taken out and 
washed well m water. 

Siomng (soufrage), — ^The banks are well and evenly wrung and exposed 
in sulphur stoves (see Wool Bleaching) for six to eight hours to an atmosphere 

* The aqua regia is prepared by mixing 6 parte hydroohlono aoid of 32° Tw 'with 
1 part nitric acid at 61° Tw. ; and allowing the mixture to stand for four to five days at 
28® 0. It IS then diluted do'wn with water to the required strength. 
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of sulphurous acid. The operation is repeated several times according to the 
degree of white required. If the silk is to be subsequently dyed in dark 
shades, or blacks, this operation is omitted, 

{asaouplisaage ), — The object of this operation is to soften the silk 
which has become hard and brittle by the foregoing operations. It is softened 
by turning the hanks for about one and a-half hours in a solution of 3 to 
4 grms tartar per litre and washing, after this treatment^ in warm water. In 
place of tartar, sodium bisulphate or magnesium sulphate and sulphuric acid 
may be employed. 

Souple silk is not as strong as boiled-ojff silk, and is only used for weft. 
The loss m weight averages 6 to 8 per cent. It may be dyed in acid baths 
without any special precautions, but if dyed m soap-baths the temperature 
should not exceed 60* to 60“ O. j otherwise the appearance of the silk suffers 
and a loss in weight results For blacks the operations of bleaching and 
stoving are omitted. 

Ecru Silk is raw silk which has been scoured in a weak soap solution to 
remove fatty and wax-like impurities, and then bleached by stoving. For 
blacks the stoving is omitted. The loss in weight amounts to 1 to 4 per cent. 
Ecru silk has a harsh feel, and is used for warp. 

In case the raw silk is yellow, it is treated as follows — ^Wet out twice 
with hot water, stove twice, wash and stove again twice or three times. If 
intended for white the following further treatments are required — ash cold 
with soap (1 lb soap to 10 lbs silk), rinse, stove twice, bleach with aqua regia 
or nitrose, rinse, treat in weak soda (2 ozs. soda to 10 lbs silk), turn in a soap 
bath (4 ozs soda to 10 lbs silk), stove twice, and rinse in pure water or m 
water slightly acidulated with sulphuric acid. 

Treatment with formaldehyde is now frequently used to fix the sericine 
(see p 66) 

In order to brmg out to the fullest possible extent the characteristic and 
valuable properties of the fibre, discharged silk is subjected m the hank to 
the following mechanical operations : — 

1. Stretching {a^coua^e ) — ^This operation may take place before or after 
dyeing The hanks are suspended on a stout, smooth, wooden peg, one end 
of which is fixed in the wall. By means of a smooth stick placed mside the 
hank, the operator stretches it by repeated jerks, the hank being turned on 
the peg from time to time. In this manner silk which has not been completely 
discharged may be stretched without disadvantage 2 to 3 per cent, m length. 
In order to save hand labour, the maohme of C Corron (Fig. 62) may be used 
for this purpose. The construction of the machine aims at an automatic 
imitation of the operation as carried out by hand Four hanks are treated 
simultaneously, being suspended on the slowly rotating bobbins, A, while 
the stretchmg is effected by the intermittent raising and falling of the 
bars, B Stretching is used largely for spun silk. 

2. Glossing {ch^lloge ), — ^The object of this operation is to increase the 
gloss of the fibre. This is sometimes done by hand by twisting the hanks 
very tight and allowing them to remain so for several hours. The operation 
IS frequently repeated. The increased lustre is brought about by the friction 
of the fibres against each other. 

But, for this purpose, hand labour has been almost entirely superseded 
by machinery. iHg 63 shows a silk gloasmg machine. The hanks ore 
suspended on the bobbins, A. The bobbms, B, are mserted m the hanks 
and stretch the yarn by means of the heavy weights, e, to which they are 
attached By means of an automatic arrangement, the bobbins, B, are turned 
two or three times round their axes, c, first to the right, then to the left, 
giving the hanks a sharp twist in each direction. After the bobbms, B* have 



158 A MANUAL OF DYEING. 

given the yam two twists, once to the right and once to the left, they resume 
the r original position. While they are temporanly at rest, the upper 
bobbins, A, turn slightly round, changing slightly the position of the hank, 
and the twisting goes on again, and so on until the lequired gloss has been 
obtained. Levers, d, are provided for lifting the heavy weights, m removing 
the hanks, and replacing them by fresh ones. 



The machine is also sometimes used for cotron yam. 

3. Lustreing. — The object of this operation is to impart to the silk the 
highest possible degree of lustre. This is effected by a simultaneous stretching 
and steaming in a machine like that shown m Pig 64 The hanks are placed 
on the policed steel rollers, A and B j the hd is closed, steam is admitted 
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same direction. One of the rollers is holloa?’ and can be heated by steam and 
cooled again by circulating water. 

In an improved machine by Burckhardt, in Basel, the steel rollers are cased 
in copper and are superposed. Both rollers are hollow, and can be heated or 
cooled by the admission of steam or water respectively The tension is 
produced by hydraulic power, and more regular results are thus obtained 
than by hand-screw. 

For ordinary purposes, the dyed hanks are stretched and steamed for half 
a minute under tension. The door is then opened, and the silk is allowed to 
cool and dry for about three minutes before being taken out. 

With the object of obtaining an especially brilliant lustre (tevnPure hrilUant\ 
silk IS subjected in the raw state to the following treatment . — Soak for two to 
twelve hours in lukewarm soap (SO to 30 per cent ), then wring and stretch 
web (10 per cent) for two minutes cold. After this treatment the hanks are 
boiled off in the ordinary way. The lustre may be still further increased by 
drying the hanks under slight tension on rods. 

Silk Juatred in this way is found to have lost nearly all its elasticity. 

Dischargmg of Silk and Holf-Silk Pieces.— Silk is sometimes discharged 
in the piece, with the object of facilitating the weaving, but more particularly 
in order to render possible the use of grSge silk, whidi is not strong enough 
to withstand the strain in the loom after being discharged. The process of 
discharging is essentially the same as that used for hanks. 

Piece goods consisting of wool and silk are usually first singed, crabbed, 
and steamed, and then discharged with soap and soda. The opomtion is best 
conducted on a jigger, care being taken to avoid creases, first with soap and 
soda at 40® 0, then with soda alone at 60’, ultimately heating to the boil 
for a short time Since wool is easily attacked by boiling aqueous alkahes, 
the ordinary process of discharging as used for all silk goods is not applicable 
to goods containing wool, as it would result in the more or less complete 
disintegration of this fibre. Hence, it is necessa^ to employ lower temper- 
atures and to 1 educe the amount of alkali to a minimum 

According to another process, goods oonaiatmg of wool and silk are first 
treated with dilute hydrochloric acid and then discharged by heating for two 
to three hours to 90° 0 , after which they are hghtly soaped and agam steamed. 

Pieces consisting of cotton and silk (satins, &o ) are treated like pure silk, 
since the cotton is not affected by the alkali. For the treatment, me pieces 
are frequently hooked in a spiral on to a frame such as is used m mdigo 
dyeing (g'.u) For weighted coloured satins the goods may be treated first 
with tannin and then with stannic chloride, after which they are boiled off. 
In this way the silk is weighted and the cotton is at the same time mordanted 
for basic colours 

Bleaching of Silk. — Boiled-off silk la usually bleached like wool, with 
sulphurous acid (stoving). The atoving is repeated, however, in the case of 
silk from three to eight times, according to the quality of the silk, washing 
with water intervening between each stoving Finally it is well washed in 
water and “dyed white” or tmted with various colours according to the 
desired shade. 

Silk may also be bleached with liquid sulphurous acid or bisulphite of 
3 oda, but this method has not, according to M Moyret,* met with success 
Dn the other hand, the hydrosulphite process, as used for wool (see p 160), 
laa been successfully employed on silk. As in the case of wool, the effect 
)f stoving is merely to decolourise by reduction (or formation of addition 
Droducts) the natural colounng matter of the silk Prolonged joint action 
)f light and air consequently restoies the original yellowish or brownish colour 
* Mon» de la TeirU,, 1691, p. 225 
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of the fibre Treatment of stoved silk with alkaline liquors also restores the 
natural colour more or less completely, a fact which must be taken into account 
if the material is to be dyed or tinted in an alkaline bath 

Yellow silk is best bleached by means of nitrous acid (sodium nitrite and 
hydrochlono acid). 

Silk may also be bleached with hydrogen peroxide or sodium peroxide. 
The boiled'Ojff silk is first treated with soap anci ammonia^ in order to remove 
any traces of fatty matter and to cause it to wet-out well. The bleaching 
proper is effected by one of the following processes : — 

1. Into a wooden or earthenware vessel 10 volumes hydrogen peroxide 
(of 12 vols strength) and 2 volumes ammonia (sp, gr. 0*910) are introcfuced, 
and the bath is heated to 26" to SO" 0. In place of ammonia, borax, soluble 
glass, or magnesia may be employed for rendering the bath alkaline. The 
well-wrung silk is steeped m this bath and turned occasionally for twelve 
hours If necessary, the process is repeated. After bleaching, the silk is 
dried slowly, preferably while being exposed as much as possible to light 
Blueing is effected by treating the silk in a bath containing 30 per cent, soap 
and a small amount of a suitable colouring matter, such as Methyl violet. The 
effect of the soap is to restore the lustre of the silk which is lost in the 
bleaching process Very good results are obtamed, according to H. Koechlin, 
by the use of magnesia in place of ammonia, but at the fimsh it is necessary 
to acidulate the bath with sulphuric acid to dissolve the suspended magnesia 
and to thoroughly wash the silk afterwards 

2 Hydrogen peroxide (12 vols strength) is diluted with three times its 
volume of water, and the solution rendered alkaline with ammonia, borax, 
soluble glass, or magnesia. The silk is steeped in this bath for one, two, or 
three days — according to the desired degree of bleaching — and is then rinsed 
and blued. It is not advisable to prolong the steeping over three days, since 
the fibre is hable to lose both strong^ and lustre 

3. Hydrogen peroxide (1 2 vols strength) is let down with ten to twelve 
times its volume of water, and the solution rendered alkaline by the addition 
of borax, soluble glass, or magnesia. The silk is entered, turned for a quarter 
of an hour cold, when the bath is gradually heated to 90", at which tempera- 
ture silk is turned for three-quarters of an hour when it is taken out, nnsed, 
and blued. 

Sodium peroxide can be used for bleachmg silk as for wool (see p. 150), 
with this difference that the bath is heated for silk to 90" 0. For a full 
bleach on 100 kilos, silk, about 12 kilos, sodium peroxide are necessary. 

Silk may also be bleached with permanganate (like cotton or wool, g'u.), 
and this treatment is adapted for balf-silk goods. Bleaching with electrolysed 
magnesium chloride solution is said to have given good results on a small 
sciile. 


TUSSTJR SILK. 

Tussur silk is ungummed or discharged like ordinary silk 

According to Silbermann, the following methods are commonly used for 
discharging Tussur silk — 

The silk is first scoured for half an hour at 40" 0. in a bath containing 
10 per cent, soda crystals, when it loses some 8 to 10 per cent, in weight The 
bath IS run to waste, as it cannot be used for fresh lota. After this treatment 
the silk IS treated in a second bath containing 30 per cent, soda crystals for one 
to one and a quarter hours, first at 40" to 45" and ultimately at 90^. It is then 
rinsed and soured for ten minutes with 10 per cent hydrochloric acid Fine 
Tussurs are first scoured at 50" to 60® with 10 to 16 per cent, soda crystals, and 
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then boiled-off with 30 per cent soap at 96“ for three-quarters of an hour, 
after which they are treated witih soda and nnsed in pure water, and may 
then be soured. The complete removal of the soap is of importance, since 
evfen traces remaining m the silk are apt to give it a grej^ colour. Tusaur may 
also be boiled-off with 6 to 8 per cent caustic soda at 60 , The operation l^ts 
about half an hour, but care must be taken to prevent any attack of the fibre 
If properly conducted, this method yields a silk possessing a high degree of 
lustre, the strength and elasticity being only slightly impaired. After dis- 
charging by one of the above processes, the Tussur should be soaped for half an 
hour, tepid, with 3 to 6 per cent, soap and then thoroughly nnsed. Ultimately 
it is soured hot in 10 per cent, hydrochlono or 6 per cent, hydrofluoric acid 
with the object of removing mineral constituents. By these treatments a 
further shght decrease in the tensile strength is brought about, which is more 
noticeable in silks contaimng much lime, but the lustre and elasticity increase. 

After discharging, Tussur mlk is not white, but of a brown colour, which 
cannot be got nd of by the ordinary process of stoving. The colour may be 
partially removed by a treatment in permanganate of potash and magnesium 
sulphat^ followed by a bath of sulphurous acid. 

Better results are said to be attained by the method proposed by Tessi6 du 
Motay, which consists in working the silk for about an hour in a bath heated 
to 90° 0 , and containing 60 to 100 per cent barium peroiade on the weight of 
the silk. It is then passed through dilute hydrochloric acid, and washed. 

The usual method of bleaching Tussur consists in boiling the silk with 
peroxide of hydrogen (100 per cent, of 10 volumes strength) and silicate of 
soda, which latter should be free from iron. It is not possible to bleach Tussur 
further than to a light cream, and some lustre is thus lost, but can be mostly 
restored by stretchmg In consequence of the great degree of resistance 
which the fibre shows towards chemical reagents, more severe treatments 
might be employed with advantage for bleaching it than those usually 
sugg^ted 

The foUowmg method has been proposed by Girard. — The silk is first 
treated with hydrochloric acid, then with a solution of soda or caustic soda at 
3“ Tw. The bleachmg is then effected by steeping the silk for twenty-four 
hours m a weak solution of ammonium hypochlorite, prepared by double 
decomposition from bleaching-powder and ammomum carbonate or sulphate. 
The treatment with ammomum hypochlonte is repeated, if necessary The 
silk IS then passed through dilute hydrochloric acid, and washed. 
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PART V. 


ACIDS, ALKALIES, MORDANTS, &e. 

The drugs which are used by the dyer are, as a rule, divided into thre 
groups — 

1. Chemicals generally. 

2 . Moidants. 

3. DyeatufiGg. 

This division is based on the practical applications of the materials ii 
■question j but it is not coiioct, even from a merely practical point of view 
Potassium bichromate, for example, which is generally called a mordant, act 
as a dyestuff m the production of chrome yellow, and it might also be classec 
amongst the members of the first group, on account of its being used as ai 
oxidising agent or for other purposes. It is still more difficult to give i 
theoretically satisfactory definition of the three groups. 

Under Gh&micaU wm be understood those materials which are employed ii 
the preparing of the textile goods before dyeing — ^for instance, for bleaching— 
and which are required during the processes of dyeing and finishing, without 
however^ heGomi/ng pa/rt of the colov/r either entirely or in part. 

The character of the Mordoffita has been explained on p 4, and, as statec 
there, they will be treated in this chapter together with ihe other chemicals 
their application in mordanting and dyeing, however, will be dealt with unde 
special headings. 

The Byeetuffs will be treated in separate chapters {q,v ), smoe their chemica 
and tinctorial characters differ greatly from those of the other substances ir 
use by the dyer. 

ACIDS. 

Sulphuric Acid (Oil of Vitriol), £[3804 = 
duced on the large scale by allowing suipl 
aqueous vapour to react on each other m leaden chambers. The nitrous fumef 
simply act as carriers of oxygen, and the process may be considered to take 
place according to the following equations — 

SOa + NOa + HaO * HaS04 + NO. 

NO + O = NOa 

The acid which collects in the chambers is known as chamber acid^ and hoe 
a specific gravity of 1 64 to UfiO By further concentration in leaden pans, 01 
in the Glover-tower, a brown coloured acid with a specific gi'avity of 1 69 tc 
1 73 and a strength of 76 to 80 per cent H 2 SO 4 is obtained, which is known os 
Irawn oil of minol (B.O.Y.). This aoid is" further concentrated in vessels oi 
glass, platinum, or iron, and thus the commercial coriGentrated sulphuric acio 
01 oil of mPnol (O.V or D O.V — le, double O.Y ) is produced; this produci 
contains, however, 3 to 6 per cent , and even as much as 7 per cent , water 
Stronger acid, corresponding to the formula H^SO^ (the so-called monohydrate)^ 
IS obtained by mixing the commercial article with sulphur tnoxide (fuming 


SOjj(OH)o. — Sulphuric acid is pro 
lur dioxide, mtrous gases, air, anc 
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sulphuric acid). Recently the catalytic or contact process has been introduced 
in various places. It consists in condensing dry sulphur dioxide and oxygen 
at an elevated temperature by the action of finely-divided platinum or feme 
oxide (burnt pyrites), the resulting sulphur trioxide being converted according 
to requirements into sulphuric acid. 

Sulphuric acid is a thick oily hquid without colour or smell, which possesses 
a specific gravity of about 1 838 at 15”, and boils at 338“ , it begins, however, 
to distil at 290“, and is thereby partially decomposed into sulphur trioxide 
and water. The acid becomes solid below 0“, and melts again at 10 6“. 

Sulphuric acid absorbs water with great avidity ^and with evolution of great 
heat The greatest care has to be observed in mixing it with water that it 
does not boil up ; water should never be poured vato strong svdphuric add , ihe 
aoid should oLwa/ys be allowed to flow mto the water slowly and in a thin stream 
with stirrvng^ <md even then the water must not he hot Sulphuric acid which 
has been diluted with half its weight of water does not give off great heat on 
being further diluted. The acid may absorb moisture from the air, and, by 
increasing in volume, may overflow the vessels in which it is contamed, but 
when it IS diluted with water, the resulting volume of the mixture is less than 
the sum of the volumes of the acid and water before mixing (measured at the 
same temperature). The mixture undergoes contraction, and the contraction is 
greatest when the hquids are in the proportion of one molecule of aoid to two 
molecules of water 

Sulphuric acid is, under ordinary conditions, the strongest acid we posses. 
It forms salts with ^1 metals, and displaces, in most oases, other acids which 
ire combined with bases. It is a dibasic acid, and forms either neutral salts 
ike NaoSO^, or acid salts like NaHSO^ The salts of sulphuric acid are called 
he suVj^tes j the acid salts are known as hisulphates or aoid sulphates. Sul- 
ihunc acid dissolves most of the metals \ it either forms salts with them, as^ is, 
'or instance, the case when the dilute aoid acts on iron or zinc, hydrogen being 
jvolved — ^HaSO. -f Fe * FeSO^ + or it dissolves the metaJ by a compli- 
ated process, when a part of the acid is reduced to sulphurous aoid, which 
scapes, while no hydrogen is hberatedj this is the case when the strong hot 
cid acts on copper — 2H2SO4 + Cu = CuSO^ + SOg + 2HgO Iron is dissolved 
•y diluted sulphuric acid, but an acid of 1 66 specific gravity or more has no 
ffect on this metal at the ordinary temperature, and very httle at elevated 
smperatures ; hence strong acid can be further concentrated or transported in 
'on vessels j hence, too, many chemical processes in which sulphuric acid is 
sed are effected m iron vessels 
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Sulphuric acid extracts the elements of water from many substances ^ thus 
many organic compounds — e.^., sugar, starch, or vegetable fibres — are entirely 
decomposed and charred while others are otherwise chemically 

changed* 

SPEOIFIO GRAVITY OF SULPHURIC ACID AT 60“F. (ISt" C.) 

{Lunge and Idler), 
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140 

63 00 

77 17 

1312 

40 

26-83 

32 86 

0 409 

95 

46 83 

67 37 

0 846 

141 

63 35 

77 60 

1 323 

60 

27 29 

33*43 

0-418 

96 

47 21 

67 83 

0 856 

142 

63 70 

78 04 

1334 

51 

27 70 

34*00 

0*426 

97 

47*67 

68 28 

0 866 

143 

64 07 

78 48 

1 346 

52 

28*22 

34 67 

0 435 

98 

47 96 

68 74 

0 876 

144 

64 43 

78 92 

1 357 

53 

28 60 

35-14 

0*444 

99 

48 34 

59 22 

0 886 

145 

64 78 

79 30 

1 .^69 

54 

29 15 

35-71 

0*464 

100 

48 73 

69*70 

0 896 

146 

66*14 

79 80 

1 381 

55 

29 62 

36*29 

0*462 

101 

49 12 

60 18 

0 906 

147 

65*50 

80 24 

1 392 

56 

30 10 

36*87 

0 472 

102 

49 61 

60 66 

0*916 

148 

65*86 

80 68 

1404 

67 

30 57 

87*45 

0 481 

103 

49 89 

61*12 

0 026 

149 

66*22 

81*12 

1*416 

58 

3104 

38*03 

0*490 

104 

50*28 

61*69 

0 936 

150 

66*58 

81*58 

1*427 

59 

31-52 

38 61 

0 500 

105 

50 66 

62*06 

.0 946 

151 

66*94 

82 00 

1*439 

60 

31 99 

39*19 

0 510 

106 

61*04 

62 53 

0-957 

152 

67*30 

82 44 

1*451 

61 

32 46 

39 77 

0*519 

107 

61*43 

63 00 

0 967 

153 

67 65 

82 88 

1*463 

62 

32 94 

40-35 

0*529 

108 

61*78 

63*43 

0-977 

154 

68*02 

83*32 

1*476 

63 

33 41 

40 93 

0 638 

109 

5212 

63*86 

0 987 

155 

68*49 

83 90 

1489 

64 

33 88 

41-60 

0 648 

110 

52 46 

64*26 

0 996 

156 

68 98 

84*50 

1504 

65 

34-35 

42-08 

0 667 

111 

62*79 

04 67 

1 006 

167 

69*47 

86*10 

1510 

66 

34 80 

42 66 

0 667 

112 

63*12 

65 08 

1016 

158 

69*96 

86*70 

1634 

67 

35 27 

43*20 

0 677 

113 

53 46 

65 49 

.1-025 

159 

70*46 

80*30 

1549 

68 

35-71 

43-74 

0 586 

114 

53 80 

66 90 

1*036 

160 

70*94 

86 90 

1*664 

60 

36 14 

44 28 

0*696 

116 

64 13 

66 30 

1 044 

161 

7160 

87*60 

1*681 

70 

36 58 

44-82 

0 605 

116 

54*46 

66*71 

1 064 

162 

72 08 

88 30 

1 698 

71 

37 02 

45 35 

0 614 

117 

54 80 

67 13 

1 064 

163 

72 69 

89 05 

1*621 

72 

37 46 

45 88 

0 624 

118 

65 18 

67 69 

1075 

164 

73 61 

90*06 

1 639 

73 

37 89 

46 41 

0 633 

119 

66 65 

68*06 

1 085 

165 

74 29 

91 00 

1 661 

74 

38 32 

46 94 

0 643 

120 

55 93 

68 51 

1*096 

166 

75*19 

92*10 

1685 

75 

38-76 

47 47 

0 653 

121 

56 30 

68 97 

1-107 

167 

76*27 

93*43 i 

1 713 

76 

39 18 

48 00 

0 662 

122 

56 68 

69*43 

1-118 

167A 

77 23 

94*60 

1739 

77 

39 62 

48 53 

0*672 

123 

67 06 

69 89 

1*128 

167,^ 

77 66 

96 00 

1 748 

78 

40 06 

49 06 

0 682 

124 

67 40 

70 32 

1*139 

168 

78 04 

95 60 

1 769 

79 

40 48 

49 59 

0 692 

125 

67 75 

70 74 

1 160 

168 A 

79 19 

97 00 

1 786 

80 

40 91 

50 11 

0 702 

126 

58 09 

71 16 

1 160 

168,3^ 

79 70 

97 70 

1*799 

81 

41-33 

60*63 

0 711 

127 

58 43 

71*67 

1 170 


80 16 

08 20 

1*808 

82 

41 76 

61 16 

0 721 

128 

68 77 

71 99 

1 181 

168 

80 98 

99-20 

1-825 

83 

42 17 

61 66 

0 730 

129 

69*10 

72 40 

1*192 

167A 

81 39 

99 70 

1 834 

84 

85 

42 57 
42 96 

52 15 
62 63 

0 740 
0*760 

130 

131 

ll 

59 45 
69*78 

72 82 
73 23 

1 202 
1-212 

167A 

81*69 

90*95 

1-838 

The number of pounds of HsS 04 per gallon la : 
the fourth column % 10 ( Kilo, per Litre). 

found by multiplying the number m 
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Cc/rnrrieroial suJ^hwiric acid contains both a varying amount of water and 
several other impuiities, notably arsenic, selenium, lead, iron, sulphur dioxide, 
or nitrous gases. In addition, the acid is often coloured by organic dust which 
has been charred by the hquid The commercial product^ however, is usually 
pure enough for the requirements of the dyer. 

In tins book the term “sulphuric acid” wall, unless otherwise indicated, 
refer to the concentrated acid of 168® Tw. 

The strength of sulphunc acid is determined by titration with normal 
alkah (see under Analysis), For an approximate estimation it is sufficient 
to ascertain the specific gravity with a hydrometer Sulphuric acid of 98 
per cent HgSO^ possesses the highest specific gravity; the density of the 
liquid decreases on further concentration, and the monohydrate shows about 
the same density as an acid containing 96 per cent, H2SO4. 

Sulphuric acid is the most important of all chemical products, and is 
manufactured on an enormous scale It may be said that our whole 
civilisation is dependent on this substance; most chemical mdustnea and 
many other trades use it extensively , in the production of dyestuffs and 
other materials which are indispensable in dyeing, it cannot be replaced It 
is used in bleaching, mordantmg, and dyeing, for the carbonising of woollen 
matenals, &c 

Fuming or Nordhauaen mlphv/ric acid is sulphuric acid containing varying 
quantities of sulphwr trioaside or sulphui/riG a/nhydride, SO3 in solution. 

Sulphur Dioxide, SOg. — Sulphur dioxide is the product of the combustion 
of sulphur. It is produced on the large scale by bummg sulphur or sulphur 
ores, in the laboratory from sulphuric acid by heating the latter with 
charcoal, sulphur, or copper turnings. Sulphur dioxide is a colourless gas, 
possessing the characteristic suffocalmig smeU of burning sulphur; it is 2 21 
times heavier than air, and can be reduced by cold (-16“ 0 ) or by pressure 
(30 lbs per sq in.) to a colourless liquid whicn boils at 8“ 0. It is brought 
into commerce in this liquefied form, which is very convenient for use in 
the laboratory. Sulphur dioxide is very soluble m water; the saturated 
solution contains per volume — 

At 0“ . 68' 80 volumea SOj, speoifio gravity 1*061 
„ 10" '61 '38 SO 2 , „ 1 066. 

20" . 36 21 „ SOa, „ 1*024. 

The solution of the gas in water may be ^considered to contain sulphv/rous 
zcid, HoSOg. 

Sulphur dioxide does not sustain respiration; neither animals nor plants 
3an hve in an atmosphere containing comparatively small amounts of the 
jfas. It does not support combustion, and hence, is sometimes used in 
extinguishing fires. 

Sulphur dioxide has considerable affimty for oxygen, combining wath it 
n the free state with the aid of finely-divided platinum at high temperatures 
as in the catalytic process for manufacturing sulphuric anhydnde, see p 164). 
Che solution of the gas slowly absorbs oxygen from the air, and forms 
ulphurio acid. Sulphur dioxide is also oxidised by compounds that contam 
Quch oxygen ; bichromate of potash, for instance, is converted into chromium 
ulphate, and permanganate mto manganous sulphate On the other hand, it 
g reduced to sulphur by sulphuretted hydrogen, SOg + 2SH3 = 3S + 2H2O 

Sulphur dioxide possesses in the presence of water reducing pro- 
erties, of which use is made in bleaching. According to the equation, 
Og -H 2H2O = H2SO4+ Hg, hydrogen is liberated, m presence of many 
oloured organic compounds, which are thereby transformed mto colourless 
Dluble substances. Since the latter oxidise m the air and regenerate the 
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original colouring matter, washing must follow the bleaching to remove the 
substances entirely. Thus sulphur dioxide is used in gaseous form and 
solution for bleaching wool and silk, straw, feathers, &c. , bisulphites a 
applied in a similar ww. 

Sulphurous Acid, EUSOg «= SO(OH) 2 , which is known only in solutions, 
the hydrate of sulphur dioxide. It is a dibasic acid, and forms neutral salts < 
mlp/bitesy hke hTagSOj, and acid salts or bisulphites, like NaHSOg. MetasuJphx 
(or pyrosulphite) of potassium and of sodium contams one equivalent of wat 
less flian the corresponding bisulphite, => 2 N’aHS 03 - HgO* 

Hydro chlono Acid, HOI {Mumatio aoidj spirits of salt). — Hydrochloric aoi 
IS obtained by the decomposition of sodium chloride (common salt) wii 
sulphuric acid according to the equation — 2Na01 + HgSO^ « 2H01 + 
Enormous quantities are produced in this way as a bye-product m the man 
facture of soda by the “ Le Blanc process.” 

In the pure state, hydrochloric gas is a colourless gas which fumes strong^ 
in moist air, has a penetrating smell, and dissolves readily in water. 

Hydrochloric acid (^e., the aqueous solution) when pure is a colourle 
li<|uid. The most concentrated acid has, at 15® 0 , the specific gravity of 1*21 
and contjiins 43 per cent hydrochloric acid gas, some of which is gradually giv( 
olF into the atmosphere with the evolution of white fumes When distilled, 
loses gas until it is diluted to a coitain strength that vanes with the pressui 
At tlio oidmary atmospheric pressure, a liquid distils which boils at a consta 
tcniperaturo of 110", has the specific gravity ITOl, and contains 20*2 per car 
(by weight) of hydrochloric acid gas. 

SPECIFIC GRAVITY OP HYDROCHLORIC ACID AT 16" C , COMPARED 
WITH WATER AT 4"C AND REDUCED TO VACUUM. 

{Lunge a7id 2farc7Uewakg) 



SpeolAo 

100 Tarts by 



Speolflo 

100 Parts by 



Gmvity 

weight con 

1 Litre oon* 


Gravity 

weight con- 

1 Litre CO 

Degrees 

Twaddle 

.16“ 

tain pai’ts 
by weight 

tains grma 

hC* 

Degrees 
, Twaddle, 


tain parts 
by weight 

tains grm 


in vacuo 

of UUl. 



in VBOUO 

of HOI 


0 

1 000 

0-16 

1-6 

21 

1 106 

20 97 

232 

1 

1 006 

1*16 

12 

22 

1-110 

21 92 

243 

2 

1 010 

2*14 

22 

23 

1-116 

22 86 

266 

3 

1016 

3-12 

32 

24 

1*120 

23 82 

267 

4 

1 020 

4-13 

42 

26 

1-126 

24 78 

278 

6 

1 026 

6-16 

63 

26 

1-180 

26 76 

291 

6 

1*030 

0-16 

64 

27 

1-136 

26*70 

303 

7 

1036 

7-16 

74 

28 

1*140 

27 66 

315 

8 

1 040 

8-16 

85 

29 

1-146 

28 61 

328 

9 

1*046 

9*16 

06 

30 

1 160 

29 67 

340 

10 

1*050 

10 17 

107 

31 

1 154 

30 65 

363 

11 

1 055 

11 18 

118 

32 

1 160 

31 62 

866 

12 

1*060 

12 19 

129 

33 

1 165 

32-49 

379 

13 

1065 

13 19 

141 

34 

1-170 

33*46 

392 

14 

1070 

14 17 

152 

35 

1*175 

34-42 

404 

15 

1*076 

15 16 

163 

36 

1 180 

35 39 

418 

16 

1080 

16 16 

174 

87 

1 186 

36 31 

430 

17 

1 086 

17-13 

186 

38 

1-190 

37 23 

443 

18 

1 090 

18 11 

197 

39 

1-195 

38 16 

466 

19 

1 095 

19 00 

209 

40 

1 200 

39 11 

469 

20 

1 100 

20-01 

220 






* The number of pounds HCl contained in a gallon is found by dividing the num 
in the fourth column (grins HCl per litre) ^ 100. It may be noticed that oaoh deg 
Twaddle indioates appioximately 1 per cent. HCL 
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Hydrochloric acid is one of the strongest acids, and replaces most other 
acids m their compounds. It is a monobe^o acid, and forms salts which are 
called chlorides — sodium chloride, NaCl. Most of these salts are readily 
soluble in water. Hydrochlono acid dissolves many metals with evolution of 
hydrogen, and dissolves most metallic oxides and hydroxides Lead is attacked 
by hot hydrochloric acid ; hence lead-lined vessels and leaden pipes cannot be 
used in working with this acid. Hydrochlonc acid is oxidised by the higher 
oxides, such as manganese dioxide, lead dioxide, nitric or chromic acid, 
<fec., the hydrogen combining with oxygen to form water, and chlorine being 
hberatedj on this foot depend both the process of producing chlorine from 
the acid with the aid of manganese dioxide and the energetic action of 
aqua regm, 

Gommer(nal hydrochloric acid contains iron, arsenic, sulphuric acid, and 
organic matter, and has a yellow colour, it is generally pure enough for 
technical purposes. The commercial product has a specific gravity of 1 12 to 
1*19 (24“ to 38® Tw.) ; it is shipped in glass carboys, or in large earthenware 
pots. 

The strength of hydrochlono acid is determined by acidimetric titration (see 
under Analysis), or, roughly, by the hydrometer, the specific gravity increasing 
with the strength (see table on p. 167). Hydrochlono acid is, next to sul- 
phurio acid and so^ the most important chemical product. It is not used 
extensively in the dye-house, but it can be employed in many cases when 
sulphuno acid is used It is used in great quantities for the preparation of 
dyer^s materials. 

Nitric Acid, « N02(0H). — Nitric acid is manufactured by the 

decomposition of sodium mtrate by sulphuric acid — NaNO* + HgSO^ « 
HNOg + NaHSO^. It is a colourless liquid possessmg a slight smell, and 
fumes strongly in the air. It has a specific gravity of 1*63, and boils at 86" 
with partial decomposition into nitrogen peroxide, oxygen, and water; acid 
contaming 32 per cent water (sp. gr 1*414) boils without decomposition. 
Nitric acid is a very strong monobasic acid, the salts of which are known 
as nitrates. It dissolves most metals, thereby forming salts which are 
generally soluble in water , during the reaction, a part of the acid is generally 
reduced to lower oxides of nitrogen and even to elementary nitrogen and 
ammonia Iron is not attacked by concentrated mtrio acid, but moderately 
diluted nitric add (of a sp. gr. above 1 12) dissolves it to ferric mtrate, while 
a weaker add forma ferrous mtrate and ammonium nitrate 

Nitno acid is a powerful oxidising agent, and many organic substances are 
ignited when moistened with the, same — e.g , straw and sawdust — while some 
^most explode in contact with the same — e.g., alcohol and turpentine Ihe 
concentrated acid is also extremely corrosive to the skm, and may produce deep 
a-nd painful wounds ; the diluted add colours the skm, wool, silk, feathers, and 
many other organic substances yellow 

UommeroiaZ nitric add contains lower oxides of nitrogen, by which it is 
coloured slightly yellow, and, m addition, small amounts of chlorine and 
odine, whidi were present m the mtrate, as also iron, sulphuno acid, and 
lodium mtrate and sulphate. The strength vanes from 1*36 to 1*44 specific 
p’avity. 

Aqua fortfis is impure nitric acid which contains a considerable amount of 
he lower oxides of nitrogen. The ordinary commercial mtrio acid is also 
requently called aqua forks. 

The strength of nitric acid is determined by acidimetric titration or by the 
ydrometer. 
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SPECIFIC GRAVITY OP NITRIC ACID AT 16*C., COMPARED WITH 
WATER OF 4‘’0. AND REDUCED TO VACUUM {Lunge and Rey), 


B d 


9 <6 


s 



Per cent. 




Per cent. 


Per cent 


Per cent 



Per cent. 

SI 

h 

HNO, 
by weight. 


HN0| 
by weight. 

HWO* 
by weight 

h 

HNOj 
by weight. 

t| 

HNO, 
by weight. 

0 

0 10 

21 

17 89 

42 

33*82 

63 

49*89 

84 

69*80 

1 

1-00 

22 

18 67 

43 

34*66 

64 

60*71 

86 

70*98 

2 

1*90 

23 

19*46 

44 

36*28 

86 

61*63 

86 

72 17 

3 

2 80 

24 

20*23 

46 

36 03 

66 

62 37 

87 

73 39 

4 

3 70 

26 

21 00 

46 

36 78 

67 

63 22 

88 

74 68 

5 

4 60 

26 

21*77 

47 

37*63 

08 

64 07 

89 

76 98 

6 

6*60 

27 

22*64 

48 

38*29 

69 

64 93 

90 

77 28 

7 

6*38 

28 

23 31 

49 

39*06 

70 

66 79 

91 

78 60 

8 

7*26 

29 

24 08 

50 

39*82 

71 

66*66 

92 

79 98 

9 

8 13 

30 

24 84 

61 

40 68 

72 

67 67 

93 

8142 

10 

8*99 

31 

26 60 

62 

41*34 

73 

68*48 

94 

82 90 

11 

9 84 

32 

26*36 

63 

42*10 

74 

59*39 

96 

84 45 

12 

10 68 

33 

27 12 

64 

42 87 

76 

60 30 

96 

86 06 

13 

1161 

34 

27 88 

66 

43 64 

76 

61*27 

97 

87 70 

14 

12 33 

36 

28 63 

66 

44*41 

77 

62 24 

08 

89 60 

15 

13 16 

36 

29 38 

67 

46*18 

78 

63*23 

99 

9160 

16 

13 95 

37 

30*13 

68 

46 95 

79 

64*26 

100 

94 09 

17 

14*74 

38 

30 88 

69 

46*72 

80 

66 30 

101 

96 39 

18 

16 33 

39 

31 62 

60 

47 49 

81 

66 40 

102 

98*10 

19 

16*32 

40 

32*36 

61 

4d2a 

82 

67*60 

103 

99 07 

20 

•17-11 

41 

33 09 

62 

49 07 

83 

68 63 , 

104 

99 67 


Nitric acid finds an extensive application in the arts, for example, ir 
the production of sulphuric acid, nitroglycerin, and most artificial dyestuffs. 
Dyers do not use it much in the free state, except for the preparation of certain 
mordants ; but salts and other products of nitric acid are of great importance 
in the dye-house 

Formic Acid, OHgOg = HOO(OH). — Formic acid occurs in the bodies of ants, 
atingmg nettles, muscles, and in the human or animal perspiration. It is 
produced at the Nitrite Works of Ooepemck, near Berlin, by ^the action of 
carbon monoxide on caustio soda or on the alkaline earth bases at high tem- 
peratures and under high pressure, and is supplied to the trade in various 
grades of strength up to nearly 100 per cent. 

Formic acid is a colourless liquid, which possesses a pungent smeU, and 
produces blisters on the skin. It melts at 8*6* C., and boils without bemg 
decomposed at 100 8“ 0. Its specific gravily at 19 8* 0. is 1*2201. It mixes 
with water and with alcohol in all proportions. Owing to the aldehydic group 
it contains, formic acid is a powerful reducing agent , it converts, chromic 
acid into chromium oxide. Formic acid is a well-defined monobasic acid, the 
salts of which are called formates. All normal formates are soluble in water. 

Formic acid has come into use as a substitute for acetic acid or sulphuric acid 
in dyeing wool with acid colours Its action in causing the exhaustion of the 
acid dye-bath is two or three times as strong as that of acetic acid, and nearly 
as strong as that of sulphunc acid. Compared with the latter it offers the great 
advantage that it does not tender cotton, but it is much more expensive, and 
does not fix the acid colours on wool quite as fast to washmg. Forme acid 
brings about the complete exhaustion of the chrome bath in chroming wool, 
and IS, therefore, used as an assistant for chroming It has also been recom- 
mend^ as a substitute for hydrochloric, tartaric, and other acids in dyeing 
Anihne black, in order to avoid all risk of tendering. For leather dyemg and 
delimmg it has also proved extremely useful.* 

* A G Green and A B Stevens, Joum, Soc. Dyers and CoL^ 1904, p. 6 ; S. Eapfi^ 
xind., 1905, p. 76. 
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Acetic Acid, OgH^Og =« OHgCO(OH) — Glamal Acetic Acid — Fyroligneoua 
Acid — Yvnega/r — Acefao acid is produced by the destructive distillation of 
wood, and by the acetous fermentation of alcohol and alcohoho hquors (beer, 
wine, (fee,). The pure concentrated acid is called glacial acetic acid, because it 
sohdifiea when cooled, thereby forming an ice-like mass. It is produced from 
pure acetates (obtained from wood-tar) Pyroligneous acid is a crude acetic 
acid obtained by neutralising wood-tar with hme, and decomposing the result- 
ing salt with sulphuric acid Vinegar, finally, is the product of acetous 
fermentation of alcoholic liquids. 

Pure acetic acid (glacial acetic acid) is a colourless substance which 
possesses a penetratmg acid smell, and a strong acid taste It forms a crystal- 
line mass of 1*105 specific gravity, which melts at 17“ 0, and boils ^vlthout 
being decomposed at 118“ 0. It is hygroscopic, and mixes with water and 
with alcohol in all proportions , in mixing with water contraction and increase 
of specific gravity take place; a mixture contaiiung 77 per cent acetic acid 
and 23 per cent water, corresponding to the formula + lIoO, has the 

highest specific gravity (1 076 at 15 6“); while a mixture of about equal 
weights of acid and water has the same specific giavity as the pure acid In 
determining the concentration of strong acid with the hydrometer, this fact 
must be ts^en into account Acetic acid is a well-defined monobasic acid, the 
salts of which are called acetates. All normal acetates are soluble in water. 


SPEOIFIO GRAVITY OF ACETIC ACID AT 16“ 0 {Oudemans). 


Bpeolilo 

Per Cent 

Speciflo 

Per Cent 

Gravity 

0^H40a 

Gravity 


0-9992 

0 

1 0363 

26 

1-0007 

1 

1 0375 

27 

1 0022 

2 

103S8 

28 

1-0037 

3 

1-0400 

29 

1 0062 

4 

1-0412 

30 

1-0067 

6 

1-0424 

31 

1 0083 

6 

1 0436 

32 

1 0098 

7 

1 0447 

33 

1-0113 

8 

1-0469 

34 

1-0127 

0 

1-0470 

36 

10142 

10 

1 0481 

36 

1-0167 

11 

1-0492 

37 

10171 

12 

1 0502 

38 

1-0186 

13 

10513 

39 

1 0200 

14 

1 0523 

40 

1-0214 

16 

1 0633 

41 

10228 

16 

1-0643 

42 

1-0242 

17 

1-0662 

43 

1-0266 

18 

1 0562 

44 

1*0270 

10 

1-0671 

46 

10284 

20 

1-0680 

46 

1 0298 

21 

1 0689 

47 

1 0311 

22 

1 0598 

48 

1 0324 

23 

1 0607 

49 

1 0337 

24 

10616 

60 

1-0360 

26 

1-0623 

61 


Kpecifle 

Per Cent. I 

Speolflo 

Per Cent. 

Giavlty 

0 ,H 402 ' 

Gravity 

OjHjOj. 

1 0631 

62 

1*0748 

77 

1 0038 

63 

1 0748 

78 

1 0646 

64 

1 0748 

79 

1 0663 

66 

1 0748 

80 

1-0660 

66 

1 0747 

81 

1'0666 

67 

1 0746 

82 

1 0673 

68 

1 0744 

83 

1-0679 

69 

1 0742 

84 

1-0086 

60 

1 0739 

85 

1-0691 

61 

1 0736 

86 , 

1-0697 

62 

1 0731 

87 1 

1-0702 

63 

1 0726 

88 

1-0707 

64 

1 0720 

89 I 

1 0712 

65 

1 0713 

00 

10717 

66 

1 0705 

01 

1-0721 

67 

1 0606 

02 

^1-0725 

68 

1-0686 

93 

1-0729 

69 

1 0674 

94 

1 0733 

70 

1-0660 

95 I 

1 0737 

71 

1 0644 

96 

1*0740 

72 

1 0626 

97 

1 0742 

73 

1 0604 

98 

1 0744 

74 

1 0680 

90 

1 0746 

76 

1 0663 

100 

1 0747 

76 




Note — The Bpeoifio gravitiefl above 1 066.3 correspond to two hquids of different 
strength To find whether a certain solution contains more or less than 77 per cent 
OaH^Oa (which mixture possesses the highest specific gravity) a little water may be added ; 
if the speoifio gravity increaseB, the acid was above 77 per cent , otherwise below this 
strength. 



Aoros. 


Concentrated acetic acid dissolves many organic substances, also sulphur 
and phosphorus The acid neutralises basic oxides completely, but it does 
not prevent or affect many chemical processes, as the strong morganic acids 
and oxalic acid do ; further, it does not attack the vegetable fibre, either in 
solutions or on drying. For these reasons acetic acid is largely used in dyeing. 

CommeTcioil Acetic Add, — Pure glacial acetic acid is chiefly used for 
scientific or pharmaceutical purposes Diluted, more or less, impure acetic 
acid, produced from acetate of lime, is used for techmcal purposes. It contains 

f enerally about 29 per cent. OgH^Og, and possesses a specb&c gravity of 1 04 
= 8“ Tw ) , the impurities of this acid consist chiefly of empyreumatic sub- 
stances, but should not contain any free sulphunc or other mineral acid The 
data in this book refer to the commercial acetic acid of 29 per cent. 

Pyroligneous acid contains considerably more empyreumatic substances 
than the previous article, and these exert a strong reducing action (they 
decolourise potassium permanganate) The pyroligneous acid is preferable for 
its reducing power in many cases, as, for instance, for the preparation of pyro- 
hgmte of iron, because it prevents a premature oxidation of the iron, for which 
reason it is frequently employed instead of the purer commercial product (see 
under An(dy8^8) 

The hydrometer cannot be used with advantage for the estimation of acetic 
acid , for a reliable valuation the acidimetnc titration is necessary 

Oxalic Acid, « | CO joH) — “ manufactured by heating 

sawdust with caustic potash and soda , it can be obtained by the oxidation of 
many organic substances, and occurs in the juice of many plants in the form 
of potassium- and calcium-salts. 

Oxalic acid crystallises in pnsms which have the composition 
+ 2 H 2 O j the crystals lose their water of crystallisation at 100® 0, It can be 
sublimated by careful heating to 160® to 160" 0 , and is decomposed by higher 
temperatures. The crystals dissolve at ordinary temperatures in about eight 
times their weight of water (see table below) , at 90® they dissolve in one-thilrd 
their weight of water. The acid is not acted upon by nitric acid or chlorme, 
but it is oxidised by potassium permanganate, and by manganese peroxide in 
acid solution formmg carbon dioxide 

Oxalic acid is a strong dibasic acid, and forms neutral salts, so-called 
oxalates, and acid salts or himoxalates. The alkaline oxalates are soluble in 
water j most of the other oxalates are insoluble The neutral oxalate of 
calcium is insoluble both in water and m acetic or oxalic acid, but readily 
soluble in hydrochloric or mtno acid. 

Oxalic acid and the oxalates are poisonous. The commercial article is 
nearly pure acid. The acid is estimated by acidimetric or oxidimetric 
(permanganate) titration (see under Analysis), 

Oxalic acid is used largely in dyeing 


SPECIFIC GRAVITY OF SOLUTIONS OF OXALIC ACID, 
HsCa 04 -{- 2 Ha 0 at 16° [Franz) 


BpeclfLo 

Per Gent 

Speolflo 

Gravity 

UfOgOi^SHaO 

Gravity 

1 0082 

1 

1-0182 

1 0064 

2 

1-0204 

1 0096 

3 

1 0226 

1-0128 

4 

1 0248 

1-0160 

5 



Per Gent 

Spool flc 

Per Gent 

HgOaO^ + 2H3O 

Gravity 

H 3 G 2 O 4 + 2H2O 

6 

1-0271 

10 

, 7 

1-0289 

11 

’ 8 

1-0309 

12 

9 

1-0320 

12 6 
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Tartaric Acidj «= J Qglogl — Ordmary Tartario Acid, Be^o 

tcO(OH) 

iartariQ Aotd. — ^Tartaric acid exists both m the free stete aaid in the form 
of salts in the juice of many fruits (grapes), and is deposited as acid potassium 
salt or tartar during the fermentation of wme ; the acid is obtained from the 
crude tartar. 


Tartaric acid forms large transparent prisms of strong and pure acid taste, 
which melt at 170® 0, and are decomposed by higher temperatures without 
distilling ; it is easily soluble in water, but less so m alcohol. Tartaric acid 
is a strong dibasic acid; its salts are known as tart/rates The commercial 
article is nearly pure , it contains some sulphuric acid, lime, and other metaUio 
oxides. 

Tfiirtaric acid is estimated by aoidimetrio titration (see under Analysis)* 


SPECIFIC GRAVITY OF TARTARIC ACID SOLUTIONS AT 16® 0. (Qerlach) 


SpeoUlc 

Per Cant. 

Speolflo 

Gravity. 

O 4 H 0 O® 1 

Gravity 

1*0046 

1 

1*0969 

1 0090 

2 

1*1072 

1*0179 

4 

1*1176 

1 0278 

6 

I 1*1282 

1 0371 

8 

1*1393 

1*0409 

10 

1 luOo 

1*0606 

12 

1*1016 

1-0661 

14 

1*1726 

1*0761 

16 

1 1840 

1*0866 

18 

1*1969 


Per Cent 

Speolflo 

Per Oont 


Gravity 

OiHgOs 

20 

1 2078 

40 

22 

1 2198 

42 

24 

12317 

44 

26 

1 2441 

46 

28 

1 2668 

48 

30 

1-J696 

60 

32 

1 2828 

62 

34 

1 2961 

64 

80 

1 3093 

66 

38 

1 3220 

(saturated) 67 


Tartaric acid is frequently employed in dyemg and pnnting, both in the 
free state and in the form of the potassium salt (tartar). It is chiefly used os 
an addition to the mordant bath in wool dyeing and for brightening colours 
on silk after dyeing, as also as a resist and dischai*ge m pnnting. 

Citric Acid, OflHgO^ = O8H4(OH)(C0aH)3.--Citnc acid exists in the juice 
of lemons, limes, oranges, and other fruits ; it is obtamed from the juice of 
lemons (or lime-fruit) which comes into commerce from southern Europe and 
the West Indies. 

Oitno acid crystallises in prisms with one molecule of water of crystallisa- 
tion, + HaO, which melt at 16^ 0 ; it dissolves in three-quarters its 

weight of water at 16® 0 and in twice its weight of alcohol. 

Citric acid is a well-defined tribasic acid , the salts are known as cil/rates. 
Commercial citric acid consists of large crystals whi^ often show a 
yellowish tinge but do not contain any considerable quantity of impurities. 
A good acid should leave no ash when incinerated. 

Citric acid is estimated by titration or by taking the specific gravity of its 
aqueous solution It is used as a resist and discharge in pnnting 

Lactic Acid, CcHgOg = OH80H(OH)003H {Ordinary or EthylidHue Lactic 
Add) — Lactic acid is generated by the so-c^led lactic fermentation of various 
kinds of sugar (cane sugar, sugar of milk, <kc.) in the presence of albummoid 
substances, especially of casein ; it occurs in sour milk, and is now produced 
Dn a large scale at a cheap price. If distilled at 16 mm. pressure it boils with 
ittle decomposition at 122® 0., the evaporated acid of 99 per cent, yielding 
i hard crystalline mass, which melts at 18 0. It partially evaporates with 
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aqueous vapours, and it mixes in all proportions -with water or alcohol, but is 
not freely soluble in ether. 

CoTomercwl IclcUc ctoid forms a yellowish or brown syrupy hquid of 1'178 
specific gravity (or more) at 16® 0, which should contain 60 per cent, (by 
weight) of pure lactic acid, and usually contains some sulphuric acid, sugar, 
dextnne, iron, and other impurities. Lactic acid of 70 per cent, strength 
is also now in the market. 

Lactic acid is a weak monobasic acid, the salts of which are known as 
lactates. Most of the salts are soluble in hot or cold water, but only 
sparingly so m alcohol, and not soluble in ether. Lactoline is said to be 
an acid potassium lactate, and is used as an assistant for mordantmg wool. 

Lactic acid has been used for some time for mordanting wool with potassium 
bichromate as a substitute for tartar on account of its greater reducing power, 
and has been^ generally recommended as a substitute for tartano and other 
organic acids in dyeing and prmting, for which purposes its mild acidity is in 
some cases beneficial, m others detrimental Its hj^groscopicity is a disadvan- 
tage m cotton-printing, but may act usefully in silk- and wool-printing. A 
double lactate of antimony and calcium is used under the name of cmtimonina 
as a substitute for tartar emetic, and some other lactates have also been 
recommended for various purposes 

LaevuUmc Acid, CgHgO« = OHaCOOHgCBLCOgH — Laevulinic acid is pro- 
duced by the action of acids on cane sugar, faevulose, cellulose, starch, and 
other carbohydrates. 

Laevulinic acid crystallises in scales which melt at 33“ and boil at 239® C. 
rt is very soluble in water and in alcohol. It is a monobasic acid. 

At the present time laevulinic acid is used to a limited extent in calico 
printing, its employment as a solvent for indulme having been patented by 
the Hoeohst Colour Works. It may possibly replace oxaHo, tartano, and 
citric acid in many cases. 
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Highee Fatty Acids (Fatty Oils, Fats, &o.). 


Palmitic Acid, OjoHggOg — 0,pH8i(C0 . OH), is a white substance which 
melts at 62“ 0., and can be distilled under dimimshed pressure without 
being decomposed. It is a monobasic aoid, the salts of which are called 
f>cLLmitate8, Potassium and sodium palmitates are the chief constituents of 
palm oil soap; they are decomposed by water (see Soap), The other salts, 
are insoluble in water. 


Pcdmxtm or Tripalmitm^ (^i 0 ®^ 8 i^ 2 ) 8 ^ 3 ^ 6 > ^ glycerin ether of palmitic 
acid. It occurs m most ammal tats, m olive oil and m palm oil, and melts at- 
66" C. Palmitm is decomposed into glycerin and palmitic acid, or a polmitate, 
on bemg heated with sulphuric acid, alkalies, lime, or superheated steam. The- 
process of decomposition with alkali of this and similar ethers is called 
saponxjioatxon, and the resulting salt soap (see below). Palmitic acid is used 
by dyers in the form of soap. 

Stearic Acid, Ci8H3eO, = OiyH8g(CO . OH). — Stearic acid closely resembles 
palmitic acid It is a white substance which melts at 69* C., and can be 
distilled under dimimshed pressure without being decomposed. It is a 
monobasic acid, and its salts are called stearates These salts have the same 
properties as the palmitates. 

Stea/rvn or Tristearvn, (Oi§B!q502)808H5, the glycerin ether, melts at 72“ C., 
and yields the acid by saponification. Stearin occurs in aU solid animal fata, 
and IS best prepared from mutton-fat or shesi-butter. 

Stearic acid is one of the chief constituents of ordinary soap. 
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OleiC Acid, C^gHg-Og =* 0 i7H8q( 00 . OH). — Oleic acid is obtained as a 
-prodnot in the manufacture of st^rio acid, and can be prepared by aaponi 
tion of olein, its glycerin ether, which is the chief constituent of ohve 
Oleic acid is a colourless oil which melts at 14® 0, but which cannot 
volatilised without undergoing decomposition. It is a monobasic acid, 
forma salts which are called oleatea and resemble the palmitates and stearati 

Oleic acid contains two atoms of hydrogen less than steanc acid, and cai 
converted into this compound by the action of hydrogen in the nascent st 
O^gHg^Og + 2H = OigHggOg. It readily takes up two atoms of iodine 
bromine and forms di-iod- or dibrom-ateano acid j for instance OjgHg^Og + I 
Ci8Hg4l20g By oxidation with potassium permanganate in alkaline solu 
it is transformed into dioxysteano acid, 0i8H84(0H)2002H. While in 
pure state it possesses neither colour, taste, nor smell, and does not act 
htmua, by the oxidising action of the air it turns yeUow, and acqu 
a rancid smell. It possesses in an eminent degree the property of absorl 
oxygen. According to Oamille Koechlin, oleio acid takes up under 
mfl-uenoe of light 300 to 400 times its volume of oxygen from the atmosph 
Oleic acid is converted by nitrous acid into the isomeric elaidio acid, O^gH® 
which melts at 45" 0. Oleic acid in form of the sodium or potassium sal 
constituent of many soaps, especially of olive-oil soap In the form of o 
it is a very important material for the production of Turkey red. 

Olein or Tnohm^ the glycerm ether of oleic acid 

present in most fatty oils, and forms, as already stated, the chief constiti 
of olive oiL It melts at - 6" 0. 

The glycervn ethers of palmitio^ stearic^ (md oleia afnds are the chief < 
stdtuenta of most animal and vegetable fata and fatty oils — in contrast v 
the ethereal oils. As olem is a liquid, while palmitm and stearin are sc 
the fluidity or hardness of such fatty oils and fats depends upon the large 
smaller percentage of olem they contam. These glycerm ethers cannot 
distilled without undergoing decomposition whereby tne glycerm is convei 
mto acrolem, OgH^O, a volatile liquid possessing a powerful penetrafcmg au 
{the smell of burnt fat). The fats are resolved into the ooiTesponding ac 
and glycerm when heated with very dilute sulphuric acid, caustic alkalies 
alkahne earths, and by the action of steam ; even by the action of moist 
they are partially decomposed in this way, thus becoming “rancid.” ^ 
alkali-salts of these acids form the essential constituents of soap, and for i 
reason the process of splitting fats into acids and glycerin by alkalies and 
other agents is called “saponifioation.” The lead salts of these three acids 
obtained by boiling fats with lead oxide and water , tiiey are not soluble 
water, and are called “lead plasters.” 

The fatty oils are separated into the drying and non-drying oils; 
drymg oils differmg from the others in becommg dry and resinous ^fr 
oxidation m the air or from polymerisation This change depends upon 
presence of glycerides of oleio and similar acids — Le , acids which contam 
than twice as many atoms of hydrogen as of carbon. Many drymg oils cont 
the glycenn ether of Ivnoleio O.gHogOg The different kmds of 
related to the fats, being ethers of fatty acids and of monovalent hig 
alcohols; beeswax, for instance, consists essentially of the palmitic ether 
mehssyl alcohol, Og^H^gO 

Bicinoleic Acid {Oxyoleic aoid), OigHgA = a 7 H 3 ,(OH)(CO,H), is a wl 
crystalhne mass which melts at 16" to 17" O. The glycenn ether, 'ncinol 
(^i8^88^8)§^8^6J is the chief constituent of castor oil, and yields the acid 
saponitication 

Ricinoleic acid takes up two equivalents of hydrogen, bromme, or iodi 
Ai&c., analogously to oleic acid. Both acids are unsaturated compounds, i 
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possess in a high degree the property of becoming polymerised, thereb 
formmg compounds of a greater molecular weight The products of pob 
merisation play an import^t part in the production of Turkey red, and wi 
be referred to again. 

Ricinoleio acid is an oxyoleic acid, and differs from oleic acid m il 
behaviour towards sulphuric acid. Ricinoleio acid probably forms a tru 
sulphuric ether by actual etherification, whereas oleic acid is not ethenfied i 
the usual way, although it probably also yields a true sulphate (see below). 

Turkey-red Oil, Alizarin Oil, Snlphated Oil, Soluble Oil or Olein.— Thes 
names apply to products which are obtamed by the action of sulphuric acid o 
vegetable oils at the ordinary temperature. Ohve oil, cotton-seed oil, an 
possibly some other oils are used to some extent, but castor oil alone is th 
most important raw material used in the preparation of the sulphated o 
of .the cotton dyer and printer The process of manufacture, as it takes plac 
on the large scale, has been described by various writers * in conformance wit 
other reports. Castor oil is slowly and thoroughly mixed (from 12 to 24 houK 
with the proper quantity of concentrated sulphuric acid, the temperature no 
bemg allowed to rise above 40“ 0. Sulphuric acid, to the extent of from 10 t 
40 per cent of the weight of the oil, is used, in winter more acid bein 
required than m summer The mixture is allowed to stand until a sampl 
poured into distilled water yields a clear solution, when it must be washed a 
once, as the product readily decomposes The product is washed with 
solution of common salt, or Glauber’s salt, to remove the excess of free acic 
and it is finally partially neutralised and diluted to the requned strengtl 
During the treatment with sulphuric acid the heat is not allowed to nse to 
high, otherwise the evolution of considerable quantities of sulphur dioxid 
takes place, and a dark coloured product is obtained, which gives unsatisfactor 
results in dyeing. But in any case some sulphur dioxide is perceived by li 
smell, which probably results from the decomposition of the albuminoids an 
other extraneous matter m the oil Soda or ammonia is used for neutralism^ 
and the oil is diluted with water, so as to make a finished product contamin 
46 to 60 per cent fatty matter (unless it is kept stronger to save expense c 
freight). J. A. Wilson gives the following average composition . — 

20 to 27 per cent free fatty aoids, 

26 ,, oombined acid and glyoerldes, 

1 30 to 1 60 „ NaaO, 

T^remy was the first who studied the action of sulphuric acid on fatty oil 
in detail; and Runge (Farben Ghemie, 1834) recognised already the ^alue c 
the sulphated olive oil, and recommended its employment in dyeing f Th 
film of Gros, Roman, Marozeau & Co., in Wesserling, employed the produc 
durmg the early sixties for the fixation of anilme dyestuffs; and, later, it wa 
also used for goods to be printed with Alizarin (F Lauber, H, Schm%d) J Th 
processes remained secret, and the results were not quite satisfaxitory, smce th 
goods acquired a yellowish tint on steaming, which could not be removed b 
bleachmg. The introduction of sulphated castor oil was a great improvemen 
and this article is now used almost exclusively for Turkey-reds, Abzann-redi 
and print goods (except in the production of Turkey-reds by means of ranci 
Gallipoli oil) Sulphated castor oil was brought into the market (almos 
simultaneously) by an English and a French firm In 1876 John M Sumner . 

* J A Wilson, Joum. 80 c Dyers and Col , 1891, p 94; P Loohtm, tbtd., 1890, p 8‘ 

t The firm Braun & Cordier, m Rouen, used as early as 1846 a product which wt 
obtained by the action of nitno acid on olive oil for the preparation of cotton for Turkey 
reds The process was invented by Him (Persoz, TraiU d? Impression; Henri SohmiJ 
Dint/lei ’a Polyt Jouini , 260, p 64 S ) 

X Dingle'i ’a Polyt, Joum , 247, p. 11; 250, p 643. 
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Co., of Manchester, introduced the sodium salt of sulphated castor oil, invent 
by Dr. Wuth in Itamsbottom ; and P. L’Honor^, of Havre, manufactured t 
corresponding ammonium salt discovered by Pr. Storck. A. Mueller-Jaco 
manufactured sulphated castor oil at an early date in Pussia, and claims 
have taken part in the discovery. * The composition of sulphat^ oil has be 
the object of several investigatipns, and is now fairly clear. 

The first detailed publication was made by Liechti and Suida. f Accordr 
to these authors a compound ether of the oil and sulphuric acid is forme 
having the following constitution — 

OuH^oJ i 0,H,0H “ OuHiaOj ) CVE.OH 

from olive oU^ from castor oil 

while oxidised, acids are also obtained — ^viz., from ohve oil or oleic aci 
CigH^Oe. and from castor oil or ncinoleic acid, O^gHg^Og 

The oxygen required for the production of such oxyacids was furnished 1 
the reduction of sulphuric acid to sulphur dioxide, a considerable amount 
which escaped during the process. Since in the production of commerci 
sulphated oil the evolution of sulphur dioxide is strenuously avoided, Lieoh 
and Suida’a researches do not perfectly explain the usual process. 

E. Benedict t prepared the true sulphonic acid of a higher fatty aci 
in order to ascertain whether the compounds belonging to this group 
bodies behaved similarly to the Turkey-red oil acids soluble in water. T1 
compound, which could not be obtained in the pure state, is, in many respect 
similar to the Turkey-red oil acid, but the two are essentially different fro 
each other in this respect; the- sulpho -fatty acid is not decomposed 1: 
concentrated hydrochloric acid, even at a high temperature, while the ac: 
from Turkey-red oil is easily decomposed, even by dilute hydrochloric acid, mi 
sulphuric acid and oxysteanc acid 

Turkey-red oil is, therefore, not a true sulphonic acid ; it belong, accordn 
to its whole behaviour, to the class of sulphuric ethers. The difference 
constitution is made apparent by the two followmg formulae for sulphated c 
from olive oil * — 

OxysCeartc sulpiontc acid, Oxysteanc sulphaie, 

Ricinolelc acid differs essentially from oleic acid inasmuch as it contai] 
a hydroxyl group in addition to the carboxyl group. When sulphuric acid ac 
on tnncmolein (castor oil) or on ricmoleib acid, it does not form a sulphate 1 
addition, as is beheved to be the case with tnolein, <fco., but it acts on tl 
hydroxyl group ; a Vtue etherification taJcea place with the separation of wak 
md a nonsainj/rated compound is formed — 

(1) O2YB33OO3H + E[gS04 “ C)i^Bg4(0S03B)C0i2E. 

OleHc ocuZ Oxysteanc svlphcUe, 

(2) Gi^HjaCOEKCOaH) + HjjSO^ = 0iyH8a(0S03H)00aH + H3O. 

RicmoUic acid Ricvnolelc siUphode 

The ricinolelc sulphate may lose its sulphuric acid with or without tl 
addition of water — 

* German Patent 1,488, Sept 30, 1877 ; Dingler^s Polyt Joum , 264, p 802. 

+ Joum, Soc QJiem Ind , 1883, p 637 

tJoum, Soc, Dyers and Col,, 1888, p. 44. 
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(1) Ci,H«(OSOsH)(COaH) + H,0 = Ck^r'B^iOmOOja) + HaS04. 

B%cinoleXc sulphate. BvcincleXc acid. 

(2) Oi»H„(OSO,H)(CO,H) + 2HaO « O^^fltAOnUCOJEL) + 

Rtcinoleic sulphate. Dioxystearxc ac%d. 

The decomposition of the rioinoleio sulphate proceeds principally or 
entirely accordmg to the first equation, and results in the formation of 
ncinoleic acid, which is disposed to polymerise and oxidise. Indeed, the 
investigations of Juillard and of Scheurer-Kestner* indicate that Turkey-red 
oil (from castor oil) contains the sulphuric ethers of ricinoleic acid and of 
several polyriomoleio acids, mixed with the products of their decomposition, 
among which rioinoleio acid predominates. The presence of glycerin in the 
commercial oil is incontestable ; but it is unnecessary to make it enter into 
the composition of the body, as it is easily eliminated without any modification 
of the properties of the oil. 

P. Lochtin (Z.o.) considers the ordinary Turkey-red oil to be a mixture of 
(insufficiently neutralised) sulpho-fatty acids and fatty acids ; he ascribes but 
a subordinate importance to the sulpho-compounds in Turkey-red oil. He 
prepared an acid ammonium ricinoleate which had a composition corresponding 
nearly to the formula 

(KP[4)02sHs303, O 28 H 34 O 3 , 

and obtained in experimental dye-trials with this so-called amd soap, a more 
even, fuller, and purer shade than in dyeing with the Turkey-red oil The 
reasons why castor-oil soap (with soda), now frequently applied instead of 
Turkey-red oil, produces inferior results, are to be found in the fact that 
the solution of the soap is much more frothy than that of the neutralised 
sulphated oil; and chiefly, because the dyed material shows the flat and 
dirty shade of the alkah ahzarate. This last fact is explained by the 
suggestion that in mordanting with alumina a waterproof envelope — 
ncinoleate of alumma — ^is formed externally on the fibre, thus enclosing the 
nucleus of the alkali soap. As good results as with Turkey-red oil were 
obtained with the soap solution by modifying in the first pla^ the method 
of clearing, which was contmued after boihng‘ under pressure with weak 
solutions of the lime salts (gypsum, calcium chloride, c^cium nitrate, (he.) ; 
in order to avoid the injurious influence of the soda as much as possible. 
Lochtin added sulphuric acid so as to neutralise one-half to three-quarters of 
the alkali present (which did not separate the fatty acid from the solution). 
He further prepared the above-mentioned ammoniacal oil soap and found that 
material oiled with this soap contains little alkali after drying, and in the 
alkaline clearing produces results not inferior to those obtained with Turkey- 
red oil. 

There is some difference between the Turkey-red oil and the acid soap. 
The material prepared with ammoniacal Turkey-red oil shows an acid reaction 
after drying, the ammonium salt being decomposed and the sulpho-fatty acid 
producing sulphuric acid; while, on lie other hand, the material oiled with 
the ammoniacal acid soap shows, after drying, a neutral or faintly alkaline 
reaction. 

Soheurer-Kestner (Z c.) prepared a Turkey-red oil in the following 
manner . — One part sulphuric acid (96 per cent ) and three parts castor oil 
were mixed slowly, so as not to allow the temperature to rise more than a 
few degrees. The mixture was allowed to stand for 12 hours, and washed 
with 5 parts of water at 40" 0. 3 7 parts Turkey-red oil were thus obtamed. 

It was still further purified for subsequent investigation by washing with 
solutions of sodium sulphate. 

* Joum. 80 c. Dyers and Col., 1891, p. 69. 
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The oil consiats of two substances; the one (about two-thirds of the 
mixture) is soluble in water, and is a sulphated compound; the other (about 
one-third) is not sulphated. The oil never contamed any unchanged castor 
oil. 

The Turkey-red oil (the mixture of the two substances) is heavier than 
water and very soluble in water. If allowed to stand for several days m 
contact with water at the ordinary temperature it does not decompose at all ; 
hence it is more stable than generally supposed. On boiling wi^ twice its 
weight of water it becomes milky at first, but it soon separates completely 
into an aqueous liquid and an oil, which floats at the top The supernatant 
liquid is entirely free from mineral acid , all the latter is dissolved by the 
water. 

The non-sulphated portion is very acid, and must be either ricinolelo acid 
or a polymerised derivative. It is hghter than water, msoluble in water, free 
from the elements of sulphuric acid, dissolves readily in caustic soda, and is 
precipitated without alteration by sulphuric acid. The soluble oil contains 
the elements of sulphuric acid in the proportion corresponding to 8*5 per cent. 
SOg It dissolves in caustic soda, and is re-precipitated by sulphuric a.cid 
without alteration. The solution of the sulphated oil m water decomposes 
within a few hours at 80"; but it is entirely unaffected by atmospheric 
conditions, and does not decompose at the ordinary temperature It is only 
heat which decomposes it. The light oil is not affected by heat. 

As to the brightening properties of the two substances, they are remarkable 
for their difference; for whilst the insoluble oil imparts to Alizarin pink a 
crimson, the soluble oil gives it a yellowish shade. 

The composition of Turkey-red oil has also been studied with much 
success by P. Juillard,* and according to this author its chief constituents 
are : — Eacmolelc sulphate, OOj H . O . SOg H, dioxysteanc sulphate, 

Ci 7H98(0H)0O2H.O.SO8H, dibasic dirioinoleic acid, O (C^^ Hgg 0 Og H)n, 
monobasic dincinolelo acid, HO . Oi^l^jCOnCj^yHggOOpH, dioxysi^ric acid, 
^18^86^45 an acid melting at 70" 0. wnicm probably consiats of dioxysteanc and 
rioinoleic acid and has the formula OggH^QO^, and isoricinoleic acid, O^gHg^Og. 

Turkey-red oil offers the great iSvantage over the ordinary soaps that it 
does not form curdy precipitates with the alkahne earths, but &ie pulverulent 
precipitates which do not adhere to the textile materials in a detrimental 
manner. 

Turkey-red oil is used in Turkey-red (Alizarin red) dyeing, in dyeing cotton 
with direct cotton colours and with ParamtraniHne red, as a mordant ior basic 
colours in cotton dyeing, for preparing cahco before printing, in oiling wool, 
and in the finishing of cotton goods. Its alkaline solution acts like a soap, 
and is sometimes used as such. 

Monopole Soap is a gelatinous substance similar in character to that of 
Turkey-red oil, and distinguished also by the property that its salts form, 
with ihe alkaline earths, fine pulverulent precipitates and no fatty curdy soaps 
like other fatty acids It is, therefore, frequently used as an assistant with 
direct dyeing cotton colours and in finishing cotton goods. 

Monopole Oil is a soluble oil of similar character. 

TANNIN-SUBSTANOES AND ALLIED COMPOUNDS. 

A number of organic acids are found m the vegetable kingdom which 
resemble each other in their chemical composition, and by a similar behaviour 
in their reactions. Their most prominent property is that of converting hide 

* BvU, Soc Ch&Tu, XI., 280, 1S94 
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into leather. In science, however, a number of compounds which lack this 
lat^r property, almost or even entirely, are classified with the so-called tannin- 
aubstances, and it is difficult to give an exact and complete definition of this 
term 

In general the tannin-substances are characterised by a very astnngent 
taste, by a feeble acid reaction towards litmus, by the property of precipitating 
albumen and gelatine from their aqueous solutions, and by producing either 
blue-black or dark green colourations with feme salts These properties, how- 
ever,^ do not belong exclusively to them, but are shared with other compounds 

The tannin-substances are carboxyho acids of the aromatic senes; m 
general, those which give blue-black colourations with ferric acetate are 
derivatives of pyrogaUol and gaUic acid, while those which afford a green 
colour are denved from catechol and protocatechuic acid. They are amorphous 
or eubcrystallme sohds possessing an astringent taste, are more or less soluble 
m water, readily soluble in alcohol and m mixtures of alcohol and ether and 
in ethyl acetate, but nearly insoluble in ether, in bisulphide of carbon, 
chloroform, petroleum spirit, and benzene they are insoluble , and, in general, 
they are not readily soluble in dilute sulphuric acid. Most of them can 
be completely extracted from their aqueous solutions by the animal skin 
(rasped hide or hide powder), and give precipitates with solutions of 
gelatine They form precipitates with the acetates of the heavy metals, 
such as those of aluminium, copper, chromium, iron, load, tin, and zinc, with 
tartar emetic, and with stannous and stannic salts With the sulphates, 
chlorides, and nitrates no precipitates ore obtained, since the tannates do not 
form in presence of free mineral acids. In addition they form insoluble com- 
pounds with organic bases — e,g,^ the alkaloids of the cinchonas, and with the 
basic dyestuffs. The tannin-substances are powerful reducing agents; they 
precipitate the noble metals from their solutions in the metaUio state, and 
possess a strong tendency, especially in alkaline solution, to absorb oxygen; 
the oxidation products are, as a rule, strongly coloured. 

The tannin-substances are largely employed in the “tanning” of leather, 
in dyeing, in medicine, and for the preparation of pyrogaUol, gfdlic acid, inks, 
dyestuffs, &o. Their application in dyeing is based on the fact that they are 
readily absorbed by the textile fibres, notably by cotton, linen, and silk , and 
on the property of forming insoluble compounds in the fibres, on the one hand 
with the heavy metals and with antimony, and on the other hand with the 
basic dyestuffs. In wool dyeing a special use is made of their property of 
precipitating certain impurities from the dye-bath so as to prevent these from 
ben^ taken up by the fibre 

Bie foUowing notes state briefly the character of the most important 
compounds connected with the tanmn-substanoes : — 

Catechol or Pyrocatechin. — (hl^dioxyh&rmne^ OqH^(OH )2 [OH « 1 : 2], is 
formed by the dry distillation of those tannin-substances which yielcl-green 
colourations with ferric acetate, and by fusmg orthophenolsulphonic acid with 
caustic potash It forms short white rhombic prisms, melts at 104“, bods at 
245" 0 , and is very soluble m water, in alcohol, and m ether. It produces a 
green colouration with feme acetate, which becomes violet on the addition of 
ammonia , and it possesses strong reducing properties The alkaline solutions 
become coloured by absorbing oxygen from the air 

Guaiacol, O0H4(OH)(OOHg), is the methyl -ether of catechol, and is a 
constituent of wood-tar. Small quantities are also present in pyrohgneous 
acid 

Protocatechuic Acid, 0gH8(0H)„C02H . [(OH) (OH) : (COgH) = 1 2:4], 
18 obtained by fusing catechu and other organic substances with caustic potash 
It resembles catechol 
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Pyrogallol or Pyrogallic Acid, O^H JOH)^ . [OH = 1 : 2 : 3], is formed by 
dry distilJation of g^lic acid. It crystflJiises m white tablets or needles, melts 
at 131” 0., and can be sublimated and distilled without decomposition. It is 
freely soluble in water, in alcohol, and in ether. It gives a blue-black coloura- 
tion with ferric salts, and has very strong reducing properties ; the alkaline 
solution rapidly absorbs o:tygen from the air, being thereby coloured. It la 
used for the quantitative (^termination of oxygen in the free state, and as a 
developer in photography. PyrogaUol is the parent substance of those tannin- 
Bubatancea which are coloured blue-black by ferric salts, and of several im- 
portant dyestufGa — e g., Gallein and Coerulem 

Phloroglucol or Phloroglucln, O^HgOg SHgO, is isomeric with pyrogallol, 
and IS probably the symmetrical trioxyhenzene, CgH3(0H)g. It is obtained 
by fusing catechu, maolurin, queroitm, and other tannin-substances with 
caustic potash. Phloroglucol forms rhombic tablets, which lose their water 
of cryst^isation at 100®, and melt at 209® to 218" C. It is readily soluble 
in water and m alcohol, but more so in ether , and has a very sweet ta-ste. It 
d()es not give precipitates with metallic salts, except with basic lead acetate ; 
with ferric chloride it gives a deep violet colouration. It is readily oxidisable, 
hke the preceding substances. 

GalUo Acid or Tnoxybenzoio Acid, CgH„(OH)g(OOJa) + H„0 . [(OH) : 
(OH) ; (OH!) . (OOg^ = 1 : 2 ; 3 : 5], is formed by hydrolysis of tannic 
acid, Cj^HiqOq -h HgO = 2 C 7 Hg 05 . It is prepared by subjecting crushed 
gall-nuts in water to fermentation, or by boiHng tannic acid with diluted 
sulphuric acid. The product is obtained from the aqueous solution by 
evaporating and reorystallising. Gallic acid occurs as such in gall-nuts, 
sumach, divi-divi, and other tannin- substances, which give a bluo-black 
colouration with ferric salts. It is probably a prociuct of the decomposition of 
the tannic acid contained in them. Galho acid forms triolinio crystals of a 
silky lustre, which lose their water of crystallisation above 100", and melt with 
decomposition at 220® to 240* O. It is soluble in 130 parts of cold and 3 parts 
of boilmg water, the hot saturated solution becoming a pasty mass of crystals 
on coohng. At 16® 0, 100 parts of absolute alcohol dissolve 28 parts, diluted 
alcohol less, and 100 parts ether 2J parts gallic acid. The aqueous solution 
has a slightly acid and astringent wte, and gradually decomposes on standing. 
Gallic acid is a monobasic acid, and forms orystalhsable salts. The alkaline 
gallates are stable in the dry state j but in solution they rapidly absorb 
oxygen from the air, and become brown with formation of humoid substances. 
Tartar emetic precipitates, even from very dilute solutions, a white precipitate 
of antimony gallate. On addition of ferric chloride to an aqueous solution of 
gallic acid an intensely blue precipitate is formed, which dissolves in an 
excess of the reagent with a green (K>lour. Ferrous sulphate in the absence 
of air gives a white precipitate in concentrated (not in dilutee^ solutions , the 
liquid ^ becomes bright blue on exposure to the air, and (leposits a black 
precipitate without being decolourised. The reducing action of gallic acid is 
less energetic than that of the preceding compounds ; Fehhng^s solution is only 
slowly and imperfectly reduced, but the salts of the noble metals are reduced 
by galhc acid ; and an acid solution of potassium permanganate is thereby 
decolourised, hydrorufi^lic acid, a derivative of anthracene, being formed. 
In contrast with tannic acid, no precipitate is formed by gallic acid in 
solutions of albumen, gelatine, organic bases, or starch, but a mixture of gum 
arabic and starch is precipitat^ and in presence of so^um acetate gallic acid 
precipitates the basic colours from their aqueous solutions. Gallic acid has no 
tanmng properties, and is not absorbed by cotton On being heated slowly to 
210® to 230 0. it is decomposed, and pyrogallol is formed; when heated more 
rapidly, and up to 260", other products, chiefly metagallic acid, OgH^Oo, are 
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EUagic Acid, O 14 H 8 O 9 + HgO 


+ HgO, occurs in 


formed. Heated with sulphuric acid to about 140*, gaJho acid is converted 
into rufigallic acid, Cj^HgOg (or hexaoxyanthraquinone). A mixture of gallic 
and benzoic acid dissolved in sulphuric acid yields, on heating, anthragallol, 
Cj^HgOg (or tnoxyanthraquinone, Anthracene-brown). 

GaUic acid is employed m medicine, as a hair dye, in photography, and in 
the manufacture of oertam colours (Galloi^ramn, (fee.). 

myrabolans, divi-divi, pomegranate rind, and other plant products, and is 
formed as a bye-product in the preparation of gallic acid. Ellagitannic acid 
on being heat^ in water to 110® 0. forms ellagio acid It is also found 
m bezoar stones (intestinal concretions of a Persian species of goat). EUagic 
acid is httle soluble m water or in alcohol, and insoluble in ether; it is 
without taste or smeU, gives with feme chloride, at first a green and then a 
blue-black colouration; the alkaline solution absorbs oxygen- EUagic acid 
retains with great tenacity its water of crystallisation ; it forms an anhydride, 
when heated to 120* 0. 

Phlobaphenes are the anhydrides of the various tannic acids formed by 
the loss of one or more equivalents of water. They are produced by boiling 
the solution of tannin-substances with dilute sulphuric acid, and are always 
present in the barks, <fec., from which the taUmn materials are obtained 
They are brown amorphous bodies, sparingly soluble in water, ether, alcohol 
alkalies, and alkahne carbonates. Tbeir solubility in water depends largel 5 
on their degree of hydration The phlobaphenes are the colouring matter* 
of the tannin-subatances. They behave on the whole hke the tannic acidi 
themselves, colouring ferric salts, precipitating gelatine, and converting hid< 
into leather They are valuable tanning materials. 

Tannic Acid or GaUo-Tonnic Acid (Tannin) — lhgaR%o Acid . — 

rOH 

oAjgi 

loo, 

^ 2HjjO = r + 2E[20a 

(0 J 
r* XT J OH 
OH 

ICOOH 


It occurs in many tannin-subatances, especiaUy in nut galls, and in sumacli 
Nut galls contain, as a rule, 60 to 77 per cent, of it and serve as ra^ 
materials for the manufacture of tannic acid. The galls are extracted witl 
a mixture of water, alcohol and ether, and a solution, separated in tw 
layers, is thus obtained ; the bulk of the tannic acid is contained m the lowe 
(aqueous) layer, and the tannic acid is prepared from this portion by evapoi 
ation. To obtain the tannin as a loose spongy mass, the syrupy solution of th 
same is mixed with some alcohol and eiher, and then evaporated in a vacuur 
at a moderate temperature The solution of tannin is caused to swell up b 
the escaping vapours, and is thereby formed as a loose and spongy mass, whic 
is valued on account of its property of dissolving without difiSiculty. j 
substance resembling tannic acid has also been produced by condensation c 
galhc acid, and (as steted above) tannic acid has been resolved into gallic acid 
hence it is supposed that it is digallic acid — 20 YHg 05 - HgO « 

Tannic acid forms a colourless amorphous mass or light-yellowish ^ but 
coloured scales or brittle vitreous masses, and has a strongly astringent tasb 
It becomes yellowish m the light, even when air is excluded. On being heatec 

* See, however, P Walden, Jourr^ Soc Dyera and CoZ., 1899, p. 168. 
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it darkens with or without melting ; and at 215“ 0 it decomposes, pyrogallol 
and metagalho acid (OgH^Og) — a black, amorphous, tasteless mass— being the 
chief products , when heated rapidly to 280", it forms metagalho acid only 
Tanmo acid is soluble in 6 parts of cold water, and more freely m hot 
water , it is readily soluble in diluted, sparingly soluble in absolute alcohol ; in 
absolute ether, carbon bisulphide, chloroform, petroleum spirit, and benzene it 
IS nearly insoluble, but readily soluble m glyoenn and in ethyl^etate. 

The aqueous solution of tannic acid gi^ually decomposes on standing by 
fementation. Bone acid, accordmg to P Sisley, is the best agent to prevent 
this , it acts with certamty for a few days, but its action ceases if the fermenta- 
tion becomes strong Most other antiseptics are not efficient or cannot be used 
on account of them action on the tannin. Tannic acid is precipitated from the 
strong aqueous solution by diluted sulphuric or hydrochloric acid, potassium, 
sodium, or ammonium chloride, potassium acetate, , but not by mtric acid, 
nor by sodium sulphate. Skin and gelatine remove it completely from the 
aqueous ‘solution. Tanmo acid is a weak monobasic acid, it decomposes, how- 
ever, the alkaline carbonates. The salts, which are known as temnatea^ are 
amorphous, and it is difficult to prepare them in the pure state , most of them 
are insoluble m water. 

Tannic acid also forms insoluble compounds with the orgamo bases, 
albuminoid substances, gelatine, 6£C 

SPBOIFIO GBAVITT OF SOLUTIONS OF TANNIO AOID 
AT WO. (Trammer) . 
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Tannic acid is readily oxidisable, and reduces the salts of the noble metals, 
if mercury and of copper, the permanganates, &c. The alkalme solution of 
anme acid rapidly absorbs oxygen from the air, and acquires a brown colour 
>y decomposition. If air is passed through a solution of tanmo acid for 
, certain length of time, a yellow colouring matter — ^galloflavin — is produced. 
<’eiTous sulphate gives in concentrated aqueous solutions a white precipitate 
p-hioh turns blue on access of the air. Ferric salts produce a bluish-black 
precipitate of ferric tannate or “ ink ” ; the colour is destroyed by boiling or by 
educing agents , the precipitate dissolves in hydrochloric acid, and is thrown 
own again by sodium acetate. An ammomacal solution of cupric sulphate is 
recipitated oy tanmc acid; and Fehlmg’s solution is reduced on heating, 
ellow or red cuprous oxide being formed. From a solution of cupnc acetate, 
annic acid precipitates green tannate of copper. With the soluble salts of 
ntimony, bismuth, lead, tin, zinc, &c , white precipitates are formed which are 
Dluble in acids. Tanmo acid forms no precipitate with calcium acetate m the 
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presence of acetio aoid, and tlie solution remains clear on adding s 
by this reaction it can be separated from oxalic, tartaric, citnc, and 
organic acids. 

Tannic add forms a white or buff-coloured flocculent predpitat 
a solution of gelatine which is entirely insoluble in an excess of tann 
but not wholly insoluble in pure water; when freshly formed it ii 
extremely finely divided ; but it is rapidly coagulated by ammonium cl 
alum, and other salts, ^^s precipitate is considered to be the basis of 1 
but tanmc acid itself is not a suitable material for tanning hides and prc 
leather. As stated before, tannic acid, on being heated above 200°, 
pyrogallol and metagallic acid; on being heat^ with dry arsemc 
produces ellagio acid (O 14 HQO 0 ) ; and a solution of tannic acid forms on 
with ammomum sulphate gaUamimc acid. 

Tannic acid is used m pharmacy, in dyeing, and in printing, in the p 
tion of inks and dyestuffs, pyrogallol, galuo amd, &c. 

EUagltannic Aoid, Oj 4 H;i^ 0 OiO) ^ contained in divi-divi, myrabolans, 
a glycoside m the rind of the pomegranate. It is a brown amorphoi 
which is converted mto its anhydride, ellagic acid, on being heated witl 
to 110° 0 It yields a light brown precipitate with cupric acetate ; ai 
lead acetate in alcoholic solution a white precipitate of ellagitannate ( 
In general it strongly resembles tannic acid. 

Quercltannic Acid, (?), is the tannin of oak-bark where it 

together with its own anhydride or phlobaphene, with galhc acid, ellag 
and various kinds of sugar. It can be prepared from oak-bark by su( 
extraction with alcohol, ether, and ethyl acetate, and forms a reddis 
amorphous powder, soluble in water, alcohol, and ethyl acetate, but 
ether or benzene. 

Quercltannic acid gives a blue-black colour and, after some time, 
cipitate with ferric chloride; it yields yellowish-white precipitate 
albumen, gelatine, orgamo bases, and antimony salts, precipitates a 
formed with lead acetate and ammoniacal solutions of zinc or mag 
chloride and of copper sulphate or acetate. The exact composition of 
tannic acid is not known ; it is probably a derivative of galhc aoid. 
tannic acid loses water when heated to 130" to 140" 0., and when boil< 
very dilute sulphuric acid, as also with caustic alkalies or alkaline carb 
and forms several anhydrides known as phlobaphene, oahhanrh red, &c. 
are brownish-red substances, sparingly soluble in water, but soh 
solutions of quercitannio acid. Their composition is very uncertain 
show the characteristic reactions of tannm-substances, and possess 1 
properties. They are not employed in dyeing. Quercltannic acid . 
anhydrides (in the form of oak-bark) are the most important materials 
tanning of leather. 

Gatechutanmo Acid and Mlmotannic Aoid are probably identical sub 
They are obtained from catechu and from gambier, but their compos 
uncertam They resemble tanmc acid, but differ from it in the fo 
reactions — They yield greyish-green precipitates with feme salts 
reactions with ferrous salts, with cupric sulphate they give a den 
cipitate, but none with antimony salts. The composition of catechutan 
has been stated to be CjiHigOg ; it is a dark reddish-brown powder, 
m water, alcohol, and ethyl acetate, but not in ether. The aqueous f 
IS precipitated by sulphuric acid, by albumen and gelatine 

Catechm, QQHi4(5fl, crystallises in small needles having the com] 
-i- or + 4 H 2 O. It is readily soluble in hot 

in alcohol, and m ethyl acetate, and moderately soluble in ether. It 
green colouration with ferric chloride, has reduemg properties, but d 
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give precipitates with organic bases or gelatine or antimony salts. Oatechin 
occurs in catechu and in gambier ; catechutannio acid is the first anhydride of 
catechin; other anhydrides are also known. The constitution of all these 
substances is uncertain. Oatechin yields by decomposition oatechol, protocate- 
obuio acid and phloroglucol. When exposed to the air it is converted into a 
brown insoluble substiice, known Bjaja^ponio add. 

Description of the Tannins used In Dyeing. — A number of tannin- 
substances are employed as mordants in the dyeing of the textile fibres. 
Some of these substances are used on account of their lower prices as 
substitutes for tannic acid in mordanting ; hence they are here classified with 
this body as tannins A number of tannin-substances, however (notably 
catechu), are not used as mordants, but as real colouring matters, hence 
they will not be included in the term “tannin” as here understood. Among 
the tannins myrabolans and sumach are next in importance to tanmc acid, 
then foUow valonia, divi-divi, knoppem, chestnut extract, quebracho, and 
others. Instead of pure tannic acid the extract of gall-nuts is also used. 
Tannic acid is most generally employed in mordanting cotton for bright 
shades, and for medium and dark sh^es myrabolans, sumach, and sumach 
extracts find very large apphcation on this fibre ; the other tanmns are chiefiy 
used for the weighting of olack silk. 

Qalls are the excrescences on plants, produced by the punctures of certain 
insects for the purpose of depositing their eggs. 

(1) Oak-Galls are produced by the female gall-wasp {Cyni^ gaUce 

Oliv.), which drops an egg in the rind of young bran(^es of certain oaks. 
A swelling (the gall-nut) is formed in which the young msect develops, and 
from which it finally escapes by piercing a hole through the shell. Those galls 
which are not pierced contain most tannic acid; they have a fresh green 
or blue colour, and are heavy — green or blue gcdU, If the insect has escaped, 
they are yellow and lighter, and of inferior quality — white galls. 

The best oak-galls are the Aleppo galls^ which come from Persia or the East 
Indies md Aleppo, and the Turkish or Lewmi gcdls (Tripoli, Smyrna, Oorea, &c., 
^Is) ; they contain 55 to 60 per cent, tannic acid, and about 4 per cent, ^lic 
icid. The Italian, Hungarian, French, and German galls are of greatly 
nfenor quality. 

The holes of worm-eaten galls are sometimes filled up with wax ; by im- 
nersmg them in boiling water the wax will melt and the holes become visible. 
Extracted galls have been covered with a solution of ferrous sulphate, which is 
'eadily detected by the usual reactions for iron. 

(2) Chinese and Japanese Galls are produced by the puncture of a plant- 
louse {Aphis chvn&nsis^ DoubL) on the leaves and leaf-stalks of Bhus semialata. 
They are very light and hollow, and very rich in tanmc acid (65 to 70, and 
even as much as 77 per cent.). The Japanese galls are smaller than the 
Chinese, and are more valued. Both are used chiefly for the production of 
bannic acid. 

Knoppem are galls formed by the puncture of a gall-wasp in the immature 
fruit of a species of oak growing in Austria They contain from 25 to 35 per 
cent, tannic acid, and are largely employed in tanning, but are less suitable for 
dyeing than the other galls. 

Tanmc Acid, O^^B.^qOq (see p. 181). 

Sumach consiste of tibe leaves and twigs of several species of Rhus ; the 
sumach from Bhus conaria is the best, and Sicilian sumach is the finest com- 
mercial quality Next come the Spanish, Portuguese, Greek, and Virginian 
JU.S A.) sumachs ; inferior quahties are the sumachs from Provence, Hungary, 
md the Tyrol, which are derived from Coriaria myrtifolia and Bhus cotinus, 
md cannot replace the sumach from Bhus coriaHa. Sumach is sold in the form 
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of the whole or crushed leaves, or as a powder ; the leaf-stalks and small 
are often admixed. Best sumaoh contains 15 to 20 per cent, tannin, ai 
an olive-green colour and a fresh agreeable smell. The sumach, which ] 
in colour and smell, has been deteriorated by moisture and long ke 
Sumach contains some reddish colouring matter, which prohibits it from 
employed for the dyeing of light and hrilliant shades ; the Sicilian sum 
the least coloured ; it contains gallotannic acid. 

Sumach Extract is manufac^ed in large quantities as a thick dark-l 
hquid of about 52° Tw. Excellent qualities of decolourised sumach e 
are now offered, which can replace tannic acid even for light shades. 

Myrabolan is the fruit of several kinds of trees growing in Ohin. 
the E&st Indies (Termimalia ohebida^ Willd.; Myrabolamus chehula^ G 
The dried fruits resemble a slightly shrivelled plum, are about an inch 
very hard, and possess a bitter astringent taste. The stones contain 
tannin ; the bulk is in the peel (25 to 45 per cent, in the whole fruit), 
tanmn of Hie myrabolan is eUagitannic add. Myrabolan contains a yellt 
brown colouring matter, which, when removed, makes this material a 
substitute for tannic add in many applications. It is used in tannh 
cotton dyeing, and in the black dyeing of silk. 

Divi-Dm or Libi*Divi is the leguminous fruit of a small tree (Ccesa 
cormna^ Willd.) found in the West Indies and South America. The 
are about 3 inches long, J to f mch broad, and very thin; they are 
folded up in the shape of a fetter S. ^oy have a lustrous bro'^ 
blackish colour externally, and a yellowish one internally; the li 
coloured are the best. The tannin-substance is ellagitannio acid (19 to ^ 
cent.) ; they also contain gallic acid. Divi-divi is used for tanning and 
dyeing. 

Yalonia consists of the acorn cups of certain spedes of oak from Asia J 
Greece, the Grecian Archipelago, and the South of Erance (Qv>er(ya8 c& 
Quercus grceca^ and Qvsrous v^lonea). They have a diameter up to IJ- i 
and should possess a bright drab colour. Their tannin*aubst^ce is 
acid (25 to 35 per cent, and sometimes more) accompanied by a dirty-3 
colouring matter. 

Bahlah or Nebheb is the leguminous fruit of several spedes of j 
^cacia Arabtca — East Indian bablah, and Acacia nilotica — ^Egyptian bs 
The fruits contain nearly 20 per cent, tannin-substanco. The extrac 
a sweetish, little astringent ta^te. Bablahs are used for tanning an 
black dyeing. 

Chestnut. — ^The extract is prepared from the wood of the chestn 
(ASsculua hippocaatanum). The composition of the tannin-substance 
known ; it yields a green colouration with feme chloride, precipitates gt 
solutions, and produces, when fused with caustic potash, protocatechui 
and phloroglucin. 

The wood contains 8 to 10 per cent, tannin. The solid extras 
a brilliant black colour; the hquid extracts are brown syrups, poss< 
astringent taste, and smell like burnt sugar. On diluting with watei 
become turbid and yield brown phlobaphenes, which apparently take j 
the dyeing process. Chestnut extract is the most important tennin f 
black dyeing of silk. 

In the foregoing are named the principal tannin - substances uj 
mordanting and blac^-silk dyeing. A number of other similar bodies (c£ 
gambier, and fustic) will be described amongst the dyestufEs. 
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THE APPLICATION OF THE TANNIN-SUBSTANCES 
OR “TANNINS” TO THE TEXTILE FIBRES. 

Application to Cotton and Linen. — Cotton and linen evince little power to 
attract and retain most dyestuffs so as to yield full and fast shades. They 
possess, however, the property of taking up and fixing considerable amounta 
of certain substances which are able to form insoluble compounds with dj'e- 
stuffs. It cannot be decided whether the fibres exert a chemical action 
towards these substances ^ for, as yet, no proof of any aflSnity has been found. 

Cotton and linen possess a remarkable power of attracting tannins from 
their aqueous solutions ^ the quantity which is taken up by the fibre from the 
liquor clepends chiefly on the concentration of the latter and on the quantity 
of other substances, like sulphuric acid, common or Glauber^s salt, &c., 
which may be present. According to Juste Xoeohlin, cotton, which has been 
saturated with a solution containing 60 grms. tannic acid per litre, still 
continues to absorb more tannin when steeped in a solution containing 
20 grms. per litre only. It retains the whole of its tannic acid in a solution 
of 6 grms. per htre, and only begins to Jose it in a solution of 2 grms. per 
htre. Acids and salts precipitate the tannin from its aqueous solutions, 
and, if added to the latter, cause them to be better exhausted. 

The actual amounts of tannic acid taken up by cotton tmder various* 
conditions have been determined by Xnecht Kershaw.* 

In the experiments, except where otherwise stated, were used 6 grms. 
of cotton, 6 per cent, of tannic acid, and 30 times the weight of water (of the 
weight of the cotton). The cotton was entered at 100“, and was allowed to 
cool with occasional stirring during three hours. 

The following is a r4sum4 of the results obtained • — - 


EFFECT OF TBMPBRATUTIE 

1. The cotton was steeped oold for three hours. 

2. The cotton was entered boiling and allowed to cool during three hours. 

3. The cotton wae steeped at 60® for three hours 

4. The cotton was steeped boiling for one hour. 


Rbsttlts. 


1 

2 

3 

4 


Tannic Add Token 

Grm 
0*26 
0 26 
0 25 
025 


Absorbed by Cotton 

Grm 
0 0363 
0 0513 
0-0082 
0 0025 


Left in Solution 

Grm 
0 2137 
0 1987 
0-2418 
0 2476 


EFFECT OF CONCENTRATION, 

The cotton was entered boiling and allowed to cool during three hours, but with 
varying amounts of water, viz — 

1. 75 0 0 water 2. 160 o.o. water. 3. 300 o o. water 4. 460 o o water. 


Rbsults. 


Tannlo Add Taken Absorbed by Cotton 


Left In Solution 


1 

2 

3 

4 


Grm 
0 26 
025 
0 25 
0-26 


Grm 

Gnu 

0 0663 

0-1837 

0 0513 

0 1987 

0 0288 

02212 

0 0238 

1 0 2262 


* Joum, Soc, Dyers amd Col , 1892, p. 40. 
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EFFECT OP TBIE. 

The cotton was entered boiling and allowed to cool aa above, 
were again adhered to, but the time was altered. 

Results. 


The original oonditiona 


Tannto Acid Taken 

Absorbed by Cotton. 1 

Left in Solution ^ 

Time 

Gnn 

Grm 

Grm 


0*26 

0 0128 

0 2372 

30 min 

0 26 

0 0168 

0 2332 

1 hr 

026 

0 0490 

0 2010 

2 hra. 

0*26 

0*0672 

0 1928 

4 hrs. 

0*26 

0*0609 

0 1891 

6 hrs 


The tannin is still being absorbed after six hours* immersion, and although the 
absorption is not m a direct ratio to the time of immersion, the limit has not been reached 
m BIX hours 


CONSECUTIVE BATHS 

1. 6 grms. cotton were entered boiling and allowed to oool during 1 J hours 

2. Same as No 1 Wring out well, then enter a second 6 grms at 100° and allow 
to cool again during 1^ hours. 

3. Same as No 2, with a third lot of ootton 

Results 


Tannin Used. 

Absorbed by 

1st 6 Grms 

Absorbed by 
2nd 6 Grms 

Absorbed by 

8rd 6 Grms 

Left in 
Solution 

Gnn 

Grm 

Grm 

Grm 

Grm. 

0*26 

0*0363 

. 


0-2146 

0*26 

0*0365 

0 0195 

, , 

0 1950 

025 

0*0366 

OOL95 

0*0103 

0 1847 


EFFECT OP WASHING OUT. 
Enter boiUng and allow to cool overnight 


Absorbed by Cotton. 


Left la Solution 


Orm Gnn 

0 0612 0*1888 

I 

1. Steep m cold water (160 c 0 ) for one hour 

2. Steep in cold water (160 0 . 0 .) for ihree hours 

3 Steep m boiling water for one hour 

4 Ento into a solution of 10 per cent tannic acid (of the weight of the cotton) at 
boil and allow to cool durmg three hours 

6. As No 4, using 2} per cent, tannic acid. 

Results 


Left in Fibre 


Tannin Extracted 


Grm Grm 

1 0 0405 J 0 0147 

2 0 0393 [ out of 0 0612 0 0221 

8 None ) 0 0612 


4 0 0198 + the 0 0612 absorbed 

6 0*0007 lost 


I 
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BLEACHED, UNBLEACHED, AND MERCERISED COTTON. 
The cotton wcls entered boiling and allowed to cool during three hours 


Material 

1 

Tanulo Acid 
Taken 

Absorbed 

Left in 
Solution 



Orm 

Qnn 

Grm 

Bleached Cotton, . 


0 25 

0 0513 

0 1987 

Unbleached ,, 


0 26 

0 0568 

0M9i2 

Mercerised „ 

. 

0*25 

0-1033 

0 1467 


The unbleached cotton was boiled previously for a short time with soap, to remove 
waxy and other impurities. 

Precipitated Oellidose is capable of absorbing under similar conditions a much larger 
proportion of tannin than cotton yarn By using 5 grms of such cellulose, 150 0.0 water, 
ontennu at 100° 0., and allowing to cool during th^ree hours, the following results were 
obtain^ 


Tannic Acid Taken 

Absorbed 

Left in Solution. 

Grm. 

Grm 

Grm 

0 25 

01525 

0 0976 


According to G. v. Georgievics * the process of the absorption of tannin by 
the cotton fibre may be expressed by the formula 

V C bath • 

^ fibre * 

the term 0 fibre denoting the amount of tannin absorbed by the cotton, 
•whilst C bath refers to the amount of 'tannin reTo^i^i'ng m the water after 
the operation. 

Gardner and Carter t found that the cotton absorbs larger quantities 
of tannin and also some gallic acid, if the bath contains some acetic acid; 
5 grms acetic acid were found to be the most suitable amoimt for solutions 
of 1 grm. tannic acid in 1 litre of distilled water. Formic and propionic acid 
act in the same way, but not so citric or tartano acid. Sulphuric acid has an 
action opposite to that of acetic acid (see Knecht and Kershaw). Hydrochloric 
acid has almost no effect at all. 

The tannins play an important part in cotton dyeing, and are largely used 
for preparing cotton, so as to enable it to retain colouring matters permanently. 
Cotton when impregnated with a solution of Magenta acquires a more or leas 
intense bluish-red tint ; the colour, however, can be easily removed by water. 
If the cotton had been previously impregnate with tannic acid, it attracts the 
dyestuff much more rapidly, and it is, under certain conditions, impossible to 
strip the colour by water Frequently the purpose of prepanng the vegetable 
fibres w’th tannin is not so much to fix the colouring matters themselves, 
although that is the ultimate aim, as to fix certain metalhc oxides (notably the 
oxides of aluminium, copper, tin, and iron), m the form of insoluble tannates, 
which oxides fix the dyestuffs in the fibre by forming insoluble lakes with 
them during the subsequent dyemg process. 

Tannic acid is the best “ tannin ” for the mordanting of cotton and linen, 
since it is the purest of all, and does not contain the natural impurities of the 
other materials, which are partly ineffective, partly injurious in mordanting 
and dyeing. It is especially more free from colourmg matter than any other 

* Joum 8oe, Dyere and Col», 1898, p. 234. t Ibtd,, p. 143. 
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tanniiir Tannic acid is almost exclusively used in the dyeing of light and 
brilliant shades, so that all the instructions given later will refer to pure 
commercial tannic acid. For dark shades extracts of gall-nuts, sumach, and 
myrabolans are largely employed, but the other materials find little apphcation 
m cotton dyeing. Gall-nuts and decolourised sumach extracts give the best 
results next to tannic acid, the quantity used depending on the amount of 
tannic acid they contain — as a rule, about five to ten times as much as pure 
tannic acid is required Ootton is prepared with tannin in the loose state, in 
the yam, and in the piece, after the material has passed through the required 
cleansing and, if necessary, bleaching operations. Loose cotton and cotton 
yam are soaked for some time in more or less diluted solutions, whereas 
cotton pieces can also be impregnated with strong solutions by the padding 
method 

Steepim^ Method . — A bath is prepared with 2 to 5 per cent, tannic acid (of 
the weight of the material), and a suflBlcient quantity of water to work the 
material (20 to 30 times the weight of the material). For very dark shades 
5 to 10 per cent, tannic acid is required. The bath is used hot or cold. Cotton 
does not extract much tannm from the solutions above 60“ 0. ; yet hot solu- 
tions are employed to saturate the material qmcker with the liquor, and to 
drive out all the air from the fibre. The cotton is worked in this liquor for 
some time, and soaked for from three to twelve hours — overnight — while the 
bath cools. Mixed goods are not mordanted at a high temperature (see below). 
The material bemg sufficiently saturated, the excess of hquor is removed 
mechanically, and a light washing with water follows. 

Padding Method , — Cotton piece goods are mordanted with ta nni n m the 
padding machine or jigger, because this process works more rapidly. For 
dyemg with basic colours, the pieces are run through a warm solution of tannic 
acid (2° to 3" Tw.), press^ out between squeezing rollers, beamed, and left for 
one to two hours For blacks and for some basic colours, like the dark blues, 
stronger tannm liquor is taken. 

Mixed cotton gooda^ containing either wool or silk, are mordanted at the 
ordinary temperature, so that the ootton only may take up tannin, and not the 


wool or silk. ^ 

The tannin-baths can be used continuously. They are exhausted more 
completely by additions of common salt or other salts, or acetic acid, 
which diminish the solubility of the tannic acid in water. Steel and 
Grandage recommend the addition of 10 to 15 per cent, (of the weight of 
the tannin) common salt, 2 per cent, salammoniac, and IJ per cent, borax. 

■ Ootton and linen retain the absorbed tannin, even resisting a moderate 
washing : but by continued washing and soaping the tannm is stripped. 

Tanmo acid forma lakes with the basic colours, which are insoluble m pure 
water, but dissolve in an excess of tannin and in^ other ^ids. The tanmc 
acids can be converted into various metallic salts, which are insoluble in tanmc 
acid or in water, and which, when produced in the fibre, resist soapmg ve^ 
well. These insoluble salts possess the same property as tanmo acid m the 
free state of forming lakes with the basic colours] but an excess of the s^ts 
has no dissolving action on the colour-lakes, and the producto ^e very stable 
There are in this way produced in the fibre of tanmc acid, a 

metallic oxide, and a basic colour, which are quite insoluble m water, and 
resist both washing and soaping extremely well] and ^ey are also faster to 
light than the lakes of tannin and colourmg matter which do not contam a 

“^Antimony holds the first plaoe as a fixing' agent of tannm m dyeing^ 
the basic colours; it yields the fiistest colours both in >^efard *0 s^p imd to 
light; very good results are obtained mth tin, less good with zinc, aluminium 
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aalta are used in special cases, and those of iron are only employed for the 
production of dark shades. The dark colour of the iron tannate does not 
permit its apphcation for light shades, but effects a saving of dyestuffs in dark 
colours , in such a case the tannate of iron plays the double part of mordant 
and ground colour. The exact methods of fixation will be given m the 
chapters on the dyestuffs and metallic mordants. 

In the inverse case of tannin being the fixing agent for a metallic oxide, 
the latter being the mordant proper, the material is impregnated in exactly the 
same way with tannin as described above. 

Application to Wool. — ^Wool has so shght an affinity for tannin that the 
tannins are seldom apphed to this fibre. Solutions of tannins have a tendency to 
render the wool fibre harsh or “hask,” especially if used at high temperatures, 
and great care must be taken to avoid this fault in the dyeing of mixed fibres. 
Tannic acid prevents to a certain extent, the fixation of other colouring 
matters on Wool. It is noteworthy that chromed wool which has been 
boiled or steeped in solutions of tannin cannot be dyed black with logwood. 
The colours thus obtained are browns, which are not fast to light. Tanmo 
acid IS sometimes added to the dye-bath in dyeing Alizarin colours on wool to 
prevent them from rubbiM 

Application to Silk. — tannins are extensively employed in the preparar 
tion of silk, both to strengthen and to weight the fibre. It seems &at the 
tannins act in a similar manner on the silk fibre as on the animal skin, in so 
far as both lose their endosmotio and exosmotic properties on being saturated 
with these bodies Silk loses, on being mordant^ with tannins, in a remark- 
able degree the property of absorbing ferric salts (not ferrous salts) or 
dyestuffs, but it regains this power ii the tannin is transformed into an 
insoluble tannate. 

Por the production of light shades the silk is worked and soaked in a cold 
solution of tannic acid or an extract of gall-nuts prepared without heating , it 
takes up in this way from 12 to 15 per cent, of its own weight. The impieg- 
nation takes place after the dyeing, since the tannin would be decomposed to 
some extent by the hot soap employed m dyeing, and the shade would be 
dulled. The colouring matter of tannm has, in any case, a deteriorating 
infiuence on light tints. 

As full and dark shades are less sensitive, they allow of mordanting being 
effected at elevated temperatures and with inferior , more strongly coloured) 
tannins, especially sumach and myrabolans j for bl^k the divi-divi or cheaper 
chestnut extracts are Jargely employed The preparation with tannin takes 
place at about 70" 0., and the weight ‘of the silk is thus increased by about 26 
per cent The greatest absorption takes place at incipient boiling, but the 
increase is not considerable above 70" C 

In order to achieve a heavy weighting with tannin, the silk is treated 
alternately with tannin and with glue in the form of gelatin previously 
heated with nitric acid, the tannin and the glue forming an insoluble compound 
in the fibre, and thus pelding a weighting of more than 100 per cent, on 
souple silk 

The silk, which has been completely saturated with tannin, can be made to 
take up fresh quantities of the same by a treatment with ferrous salts The 
material is worked in a strong solution of pyrohgnite of iron, and exposed to 
the air to oxidise the ferrous tannate thus formed. It is then able to absorb 
fresh quantities of tannin Use is made of this method in black dyeing 

Silk which contains tannin in the free state cannot be treated with a feme 
salt, because it has lost its endosmotio property, and the ferric aalt would 
simply destroy the tannin by oxidation. The case is different if the silk is 
first impregnated with a feme salt and then passed through tannin liquor ; m 
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tins maimer ferric tannate is formed and the endosmotio property preser'* 
the silk IS thereby enabled to take up alternately fresh quantities of ferric 
-and tanmn. The operation is best executed at 40° to 60“ 0. ; at hi| 
temperatures, especially above 70“ 0 , feme oxide exerts too great an oxidi 
action on tannin. Silk is “weighted” by this method in bl^ dyemg u 
200 per cent of its own weight. 

In the description of the iron mordants, particulars are given as to 
treatment of silk with ferrous and feme salts. 

Taniun is also applied to silk which has been dyed with Prussian blue 
weighting purposes. In this case, however, catechu and gambier are genei 
used. Frequently tin crystals are added to the tannin to mcrease the we 
of the silk 

Silk dyed with Prussian blue takes up large quantities of tanmn, w 
may vary, however, according to the temperature. Below 60“ C. the 
absorbs 10 to 12 per cent, tannin without the Prussian blue itself b 
affected. At a temperature between 60“ and 70“ O. the Prussian blu 
partially reduced, according to Moyret, by a portion of the tannin ; and 
oxides thus formed combine again with tannin, producing an increase of 3 
40 per cent, and even more of the weight of the silk By the treatment 
tannm, the blue silk is rendered capable of resisting hot soapmg without 
Prussian blue being decomposed. The addition of stannous chloride is 
for heavy weightmg only , for an increase of the weight of more than 20 t 
per cent, after the blueing, 6 to 16 per cent, tin crystals are added to 
tannin-baths, which are heated to 70“ or 76° 0. j the temperature must no 
higher. The hanks of silk must be worked very close together in the 
tannm-baths, so as to exclude the air as much as possible ; for the same rec 
the vat should be well filled with hquor. The oxidising influence of th< 
causes the material in the bath to assume a cloudy yellowish appearance, 
on washing with water, the full colour is restored. 

The working in the tannin-bath lasts at least one hour , the goods may 
be left overnight in the bath without being injured. The tannm-bathuE 
used contmuously; the tm-tannin-baths are allowed to settle, and the < 
liquor IS used afresh; the tin which is contained in the sediment ma 
recovered by the process described for tin. 

The tanned silk is finally nnsed in water and soaped in boiling hot- soli 
of oil soap (30 to 40 per cent of the weight of the silk) for two hours , fo 
soapmg, an old logwood bath is used with advantage. The silk may the 
brought back to the tannin-bath, or finished in alkaline and acid oliv 
(softening and brightening). 

Silk which has been dyed with direct colours, either acid or basic dyes 
is frequently treated with tannins and metalho salts, in order to i 
the colours faster so as not to run m water. For light shades, best te 
acid IS 'U-sed in combination with a salt of antimony, whilst, for dark sh 
most frequently outch or gambier and stannous chloride are emplojj^ed 
dyed silk is turned a few tunes m a fairly strong bath of tannin at 30 to 4< 
and steeped therein overmght, the next day it is rinsed, passed throu 
lukewarm solution of an antimony salt (6 to 16 grms. per litre), or throu 
solution of stannous chloride (30 to 36 gnus, per litre) in dilute acetic 
rinsed and softened, if necessary, or brightened The colours thereby be 
much faster to water and also fairly fast to washing 

According to I^eo Yignon,* boiled-off silk absorbs about 26 per cent, b 
acid (calculated on the weight of the silk), but very little gallic acid. 

* Comptea r&ndus (1895), oxxi., p. 016. 
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BASES AND SALTS. 

Fotassimn Hydroxide or Caastio Potash, ISXyR— Potassium Hydrate . — 
Potassium hydrate is a white crystalline mass which melts below red heat, and 
is volatile at higher temperatures. It dissolves in half its weight of water and 
IS very hygroscopic and deliquescent ; the solution is called caustic potash-lye. 
Caustic potash is also very soluble in alcohol. 

Potassium hydroxide is the strongest of all bases and is monacid, it 
possesses strong caustic properties and a caustic taste, and attracts carbon 
dioxide from the air to form potassium carbonate. Potassium hydroxide is 
manufactured by decomposing potassium carbonate with lime. It is used in 
the arts and in the laboratory. Sodium hydroxide, however, which strongly 
resembles it, is used in most cases, being considerably cheaper. 

Potassium Carbonate, ^f)0^—Carh(maie of Potash; PotosA —Potassium 
carbonate is the chief constituent of the ashes of land plants. In former times 
it was obtained exclusively by extracting these ashes with water ; great 
quantities are now manufacture on the large scale from potassium chloride 
(mined in Stassfurt) by the Leblanc process (see Sodivm CcvrloTiate). 

Potassium carbonate is a white substance which absorbs moisture from the 
air and is deliquescent j it crystallises with 1 J molecules of water of crystallisa- 
tion, KgCOo + The solution has a caustic taste and shows alkaline 

reaction. It combmes with carbonic acid, forming potassium hica/rhonate 
(KHOOg), which dissolves in three to four parts of cold water, is not 
deliquescent, and has a neutral reaction. Potassium carbonate is used in 
various industries, especially in the manufacture of soft soaps and of fine glass 
ware. It is used to a small extent only by dyers. In most cases sodium 
carbonate, which is very similar, is used, as it is much cheaper than the 
potassium salt. 

Potassium Percarbonate, — Perca/rhonate of Potash. — ^This salt (and, 

analogously, the sodium and ammonium salts) is obtained by the electrolysis of 
saturated potash solutions, cooled to 10“ to 16° 0. Its aqueous solution readily 
decomposes with formation of potash, carbon dioxide, and oxygen, which has a 
strong oxidising and bleaching effect j with acids it forms carbon dioxide, 
oxygen, and hydrogen peroxide, and, with caustic lyes, oxygen only. It is 
a powerful bleaching agent, and, if produced at a low price, it might supplant 
sodium or hydrogen peroxide, <kc. 

Potassium Hypochlorite, KCIO — Ecm de Javelle; Chloride of Potash — 
Potassium hypo(Morite is known only in aqueous solution, which is obtained 
by the action of chlorine gas on caustic potash solution, or by double decom- 
position of chloride of lime and potassium carbonate, and is known under the 
name of E<m de Jcmlle. It is a strong bleaching agent, and was formerly used 
in the household for bleaching purposes, but has been entirely displaced by the 
cheaper bleaching powder and by ^e solution of sodium hypochlorite, which is 
also frequently c^ed ** Eau de Javelle ” 

Potassium Chlorate, KOlOg — Chlorate oj Poiaeh . — ^Potassium chlorate is 
obtained by saturating caustic potash solution with chlorine gas j on the large 
scale, a mixture of lime and potassium chloride is used — SOL + 6KOH = 
KClOg + 6K01 + SHgO. Potassium chlorate crystallises in snining tables 
belonging to the monoclinic system. The crystals are not very soluble in 
cold water, 100 parts water dissolving 6 parts of the salt at 15“ C., and 
60 parts at the boiling temperature. On being heated above its melting 
point (359®) potassium chlorate gives off oxygen. Chlorate of potash is 
a powerful and convenient oxidising agent. In dyeing and prmfemg, it is 
employed in the production of Aniline black and some other colours (for 
instance, manganese bronze), as also for the preparation of mordants. 
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Fotasslnm Chromate and Bichromate (see 
^ PotasBlnm Sulphooyanide or Thiocyanate, KONS, crystallises in transpt 
prisms, whicli are deliquescent and melt readily on heating. It is very so 
in water, and absorbs a great quantity of heat on dissolving. It is used 
reagent for ferric salts, and may be employed to neutralise acids which 
liable to carry iron into the colours, 

PotasBium Ferrocyamde, K.Fe(ON)g + — Yellow Pruaaiat 

Potash — ^This salt is prepared by heating iron and potash with nitroge 
substances (animal refuse, such as clippings of horn, hoof, leather, &c,) 
forms lemon -yellow crystals, contaming water of crystallisation. It 
a sweet-bitter sahne taste and is not poisonous. It dissolves in 4 pari 
cold and 2 parts of hot water, and is insoluble in alcohol. The solutioi 
being boiled becomes alkaline, evolving ammonia and hydrocyanic acid 
Pruasiam, hhie), ^ Potassium ferrocyanide is used for the production of Pru£ 
blue and in Anih ne-black dyeing. It forms precipitates with the basic an 
dyestuffs, and may be employed as a mordant for these on cotton. 

Potassium Ferrioyanide, E^Pe(0!N’)^ — Red Pruaewde of Potash — ^This 
is manufactured by treating tne yellow prussiate with oxidising agents 
chlorme. It crystallises in dark -red prisms which contain no wate: 
orystallisation. 100 parts of cold water dissolve about 36 parts, hot w 
twice as much of the salt. Potassium ferrioyanide acts as an oxidising ag 
espeoiallv in presence of caustic soda. It is used as a discharge in prin 
and in the production of Prussian blue 

Potassium Oxalate, + BEgO. — Forms rhombic crystals, which 

soluble in 3 part of cold water. 

Acid Potassium Oxalate, KHO2O4 -1- H«0 — Binoxalate of Potash 
forms monoolinic crystals, soluble in about 26 parts cold water. 

Bmacid Potassium Oxalate, KHOgO^^ H20g04 + 2HgO. — ^Triolinic crys 
which are soluble m about 60 parts of cold water. 

CommercicLl hvnoaxdate of potash, or salt of^ sorrel, commonly known 
“salts of lemon,” is a mixture of the two acid oxalates. It is someti 
used as a mild acidifying substance, also as a substitute for tartar. 

Acid Potassii^n Tartrate, 0^f>Ap^[0'K) — Crea/m of Tartcer, Tai 
Argol. — ^This salt is obtained from the deposit which forma on the hot 
of the vessels in which the fermentation of wine proceeds. In the crude s 
it IS called “argol” — red or white, aocordmg as it is obtained from rec 
white wine; the ordinary purified product is known as “tartar,” while “cr 
of tartar” is near!/ pure, acid potassium tartrate. The pure salt fo 
rhombic crystals ; the commercial product is sold as a powder 

Bolvh%l%ty of add potassium ta/rtrate, m 100 parts of water, 


IOC" 

20" C 

80"O 

40" 0 

eo "0 

60"O 

70" 0 

80" 0 

00" 0 

100" 

Fait 

Pnrt 

Fart 

Farta 

Farta 

Farts 

Forts 

Ports 

Farts. 

Fari 

0 40 

0 57 

0 90 

1-3 

18 

24 

1 

3*2 

45 

67 

6 ( 


Tartar is used m considerable quantities as an assistant m the mordan 
of wool with salts of alumimum, chromium, iron, copper, and tm, and se 
to improve the permanence, fulness, and brilliancy of the ultimate col 
This influence is probably due to a double decomposition of the tartrate 
the mordanting salt, the mineral acid of the latter combimng with 
potassium of the tariiate and the metallic hydrate with tartaric acid; i 
also possible that a double salt is formed. At all events, it seems that 
mordanting salt is changed in such a way that the fibre takes it up n 
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readily and a better result is obtained. By mordanting wool with pure 
tartrates of aluminium, &c. (see AVummium on FboZ), excellent results are 
obtained. If, moreover, the tartaric acid which has been absorbed by the 
fibre IS not properly wa^ed out, it will, no doubt, exert a less mjurious effect 
in dyeing than sulphuric acid in the free state {Hummel) Sometimes, as, for 
instauce, in mordanting with bichromate and tartar, the latter salt acts also 
Be a reducing agent. 

A number of preparations have become known under the name of mhaUtibte 
of twrtar^ superargol^ &c. Some are simply acid sodium sulphate; others 
contain oxalates, while still others are tartar, which contains sufficient 
sulphuric acid to convert aU the potassium into potassium sulphate In so 
far as these preparations claim to replace tartar completely, most of them are 
a direct fraud, because they cannot produce the double decomposition between 
the mordantmg salt and a tartrate , if it is intended to use them for acidifying 
only, well-known and analysed chemicals — such as tartaric or oxahc acid or 
sodium bisulphate— should be preferred to preparations of unknown composi- 
tion and properties. 

Sodium Hydroxide or Caustic Soda, NaOH — Sodium Hydrate . — Sodium 
hydroxide is a white brittle mass of 2 '13 specific gravity ; it melts at a low 
red heat, and is volatilised at high temperatures ; it is hygroscopic and 
deliquescent, exceedmgly soluble in water with evolution of heat, andf is also 
soluble in alcohol. The aqueous solution is called caustic soda-lye 

SPEOIFIO GRAVITY OF OAUSTIC SODA AT 16" 0 , PERCENTAGES 
OF Na^O and NaOH (Schxff and Qtrlai^). 


Per Cent 

Speolflo Gravity 

Bpeoiflo Gravity 

of the 

for 

for 

Solution 

NfljO. 

NaOH 

1 

1 015 

1-012 

2 

1-020 

1 023 

3 

1 043 

1 036 

4 

1058 

1 046 

5 

1074 

1 059 

6 

1 089 

1 070 

7 

1 104 

1 081 

8 

1 119 

1-092 

0 

1 132 

1 103 

10 

1 145 

1-116 

11 

1 160 

1 126 

12 

1 176 

1-137 

13 

1-190 

1 148 

14 

1 203 

1 169 

15 

1 219 

1 170 

16 

1233 

1 181 

17 

1 246 

1 192 

18 

1 268 

1 202 

19 

1 270 

1-213 

20 

1 286 

1 -226 

21 

1 300 

1-236 

22 

1 316 

1 247 

23 

1 329 

1-258 

24 

1 341 

1 269 

25 

1 355 

1 279 

26 

1-369 

1-290 

27 

1 381 

1 300 

28 

1 396 

1 310 

29 

1410 

1 321 

30 

1-422 

1 332 


Par Cent 

Speoilio Gravity 

Speolflo Gravity 

of the 

for 

for 

Solution. 

NasO. 

NaOH, 

31 

1 438 

1-343 

32 

1-460 

1 361 

33 

1-462 

1 363 

34 

147t 

1374 

36 

1 488 

1 384 

36 

1 600 

1 395 

37 

1-615 

1 405 

38 

1-630 

1-416 

39 

1-643 

1 426 

40 

1-668 

1-437 

41 

1 670 

1447 

42 

1 683 

1-466 

43 

1 697 

1-468 

44 

1610 

1 478 

45 

1-623 

1-488 

46 

1-637 

1 499 

47 

1 660 

1-608 

48 

1 663 

1 619 

49 

1 678 

1 529 

60 

1-690 

1 640 

61 

1 706 

1 550 

52 

1 719 

1660 

63 

1 730 

1670 

54 

1-746 

1680 

66 

1-760 

1-591 

66 

1770 

1 601 

67 

1-786 

1 611 

68 

1 800 

1 622 

69 

1-816 

1-633 

60 

1-830 

1 643 
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Sodium hydroxide is a very strong monacid base, being inferior only 
potassium hydroxide, and possesses strong caustic properties and a caus 
taste It readily absorbs carbon dioxide from the air to form carbonate 
soda. Heat is evolved on mixing strong solutions of caustic soda with watei 
Sodium hydroxide is prepared by decomposmg sodium carbonate with In 
or with ferric oxide (femte process), but in greater quantities from rock s 
by the Le Blanc process. It is now also prepared m considerable quantit 
by the electrolysis of sodium chloride Almost pure caustic soda is n< 
manufactured on a very large scale. The usual hrcmds of commeTce a/re oavs 
soda 48", 60°, 70", 74", 76", and 77°, each degree indicatmg 1 per cent of sodn 
oxide (NogO) , caustic soda, 77", is almost chemically pure sodium hydroxn 
The strength of a caustic soda is estimated by titration with standard acid (j 
AncJ/y8i8\ and the strength of a solution is roughly ascertamed by the hyd 
meter (see Table) Of course, the latter method does not give reliable resu 
m the case of the products containing carbonate, sulphate, chloride, &o., 
sodium and other salts. 

Sodium hydroxide is used m large quantities in the manufacture of soi 
paper, and dye&tuffs; as well as in bleaching, dyeing, mercerismg, and 
maiw other industries 

Sodium Peroxide, NagOg, is manufactured on the large scale by heati 
sodium m a current of air at 300" 0. It possesses a creamy white colour, 
deliquescent in the air, and absorbs carbon dioxide, thereby losing oxygen a 
being converted into sodium carbonate. It dissolves in water with generat 
of heat and evolution of oxygen. If mixed with ice, however, fiiere n 
considerable lowenng m temperature, and no oxygen is given off.* In dili 
acids, if kept cool, it dissolves without evolution of oxygen, hydrogen perox 
and the correspondmg sodium salt being formed. 

Sodium peroxide comes mto the market os a yellowish-white powder, c 
tainmg nearly 20 per cent of available oxygen, whilst the formula Na 
requires 20 6 per cent , thus the product is fairly pure It may be brou^ 
into contact with oxidisable substances, like wood or metal, in the dry sh 
but if tbe latter be moist or wet there is danger of firing. 

Sodium peroxide is used for bleaching goods of all kinds, especially si 
as are formed of ammal fibres and tissues — e g,y silk, tussur, wool, bairs, featht 
and ivory, but also for bleaching cotton goods. Its application, howe"^ 
owing to its relatively high cost, is limited to the better class of goods 

Sodium Sulphate, NogSO^ — Olamher^s Salt, NojSO^ + lOSgO. — Sodi 
sulphate is produced by decomposmg salt (sodium chloride) with sulphi 
acid, hydrochloric acid also being formed — 2Na01 + HoSO^ = + 2B 

Most of the sodium sulphate which is manufactured is convert^ into so- 
the greater part of the remainder is used for glassmaking. ^ Scniium sulph 
(without water of crystallisation) is obtamed by calciMtion of orystalli 
Glauber's salt or by evaporating the solution above 33" 0. , ifc is also caJ 
calcined (anhydrous) Glauber^s salt This salt occurs in rhombic crystals , i 
readily soluble in water, but msoluble in alcohol It attracts water from 
atmosphere, thereby becoming moist , but it is not dehquescent- It dissol 
at 21*6", and at higher temperatures m water with evolution of heat, at 4 
and below, with absorption of heat ; for this reason it is sometimes m^^ v 
ice or snow in order to pioduce artificial cold. It crystallises with 7 or 
molecules of water from solutions below 33° C 

Glaub&t^s Salt or Glaub&rsalt, Na^SO. + lOHaO, is obtained by crystaU 
tion from solutions at temperatures below 33°, and forms large monocl 
ciystals. It contains 441 percent anhydrous salt and 66 9 per cent wa 
In the atmosphere it effloresces, and at 33" it loses its water of crystamsat 
* R. Bauer, Joum, Soc Dyers and Col,, 1906, p 333. 
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3 term Bodivm sulphate is adopted in this work for tlie oaloined Glaubersalt, 
I Qlcmhersalt for the compound, NajSO^ + lOHgO. They may be substituted 
each other in the ratio of 11 c^oined to 26 crystallifled salt. The commer- 
produots contain more or less sodium ohloride, which, for most purposes, 
aot very objectionable. For the determination of the latter the quantity 
jhlorine present has to be estimated. The anhydrous salt may contain more 
phuric acid or less than is required by the formula Na-nSO^. The excess 
either acid or alkah can be proved by the reaction on litmus paper, the 
)ur of which is not affected by the normal salt 

olvMity of Sodxum Sulphate {Ai^ydroue Salt, IfOiSO^) tn 100 parts qf Water at 

various temperatures^ < 


o^o 

10 ® c 

16® 0 

20«O 

26“ 0 

80“ C. 

88“ 0 

40“ 0. 

108® 0 

*arts. 

Parte. 

Parte. 

Parte 

Parte 

Porte 

Parte 

Parte. 

Parte 

5 

9 

13 

19 

28 

40 

50 

49 

42-6 


Specific Qramty of Solutions of Av^ydraus Sodium Sulphate al 16® O 


Speolflo 

Per Cent. 

Bpeclflo 

Per Gent. 

Bpeolflo 

Per Gent 

Gtavlty. 

N«4804 

Gravity 

lTa3S04 

Gravity 

ira«S04 

1-0091 

1 

1-0457 

6 

1-0882 

9 

1-0182 

2 

1 0650 

6 

1 0927 

10 

1 0274 

3 

1 0644 

7 

1-1026 

11 

1-0305 

4 

1-0737 

8 

1 1117 
(saturated). 

12 


Sodium sulphate is largely used by dyers, both in its crystallised and in its 
lined form. It is employed in the finishing of cotton goods, and is found 
most of the dyestufGs which are sold in the form of powders or pastes, 
urring partly as an impurity resulting from the mode of manufacture, and 
tly as an addition for the purpose of reducing the colours to the usual 
udards of commerce. It is used by the dyer to regulate the dyeing 
irations in various capacities. 

1. In cotton dyeiQg it ensures in many cases the more complete exhaustion 
the dye-bath, since by decreasing the solubility of the colouring matters it 
Lses them to pass more rapidly into the fibres. Such is the cose with the 
ect cotton colours and sulphide colours, which are taken up by the cotton 
pe more completely from concentrated than from dilute solutions Other 
itral salts, such as sodium chloride, will produce the same effect 

2. In wool dyeing, sodium sulphate has the opposite effect From dyed 
ol it strips the colour until an equilibrium has been established * By re- 
solving the colour on the fibre it may thus assist levelling. 

3 Sulphuric acid forms, with sodium sulphate, sodium bisulphate, and this 
npound has a leas energetic acidifying action than the free sulphuric acid 
e acid dyestuffs, therefore, are more slowly attracted by the fibre m the 
waenoe of Glaubersalt, and, consequently, they then dye more evenly • more- 
3 r, they are not retained by the surface so much, but penetrate deeper into 
) fibre, thus dyeing it better through. For this reason moat of the acid 
ours dye much better with the addition of Glaubersalt to the dye-bath in 
ounts varying from 2 J to 10 per cent. 

* A. W, Halhtt, “ The Theory of the Aoxd Dye-bath,” Joum, Soc, Dyers and Col., 
9, p. 30 , B. Elneoht, ibid., 1005, p. 260. 
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4. In the case of it being desirable for shading to dye colours in an 
bath which are not readily attracted by the fibre in the presence of an 
sodium sulphate has a similar neutrahsmg effect as in the former cas< 
enables the fibre to absorb such a colour (for instance, a basic colour) wi 
preventmg the dyeing of the acid dyestuff. 

The amounts of Glauberscdt wluoh give the best results vary accordi 
the class of colourijLg matter employed. In cotton dyemg they are gen 
far greater than m wool dyemg. It should, however, be borne in mmc 
most dyestuffs are more or less completely “salted out'' or meohamcall 
cipitat^ by a large excess of Glaubersalt, and that there is a limit to it 
especially as an addition to the bath in the dyemg of direct colours on c 
For if the amount taken is sufficient to salt out the dyestuff, uneven dye 
almost sure to result In case, however, it should be desirable, for reas< 
economy, to exhaust the dye-bath as completely as possible, only a port 
the Glaubersalt is added at the commencement of the dyeing operatic 
rest being added in either one or in two portions as the dyeing pro 
GJaubers^t constitutes the best means of partly stripping, and at the 
time levellmg, many of the acid colours dyed on wool. 

In all these cases, of course, it makes little difference whether calcii 
crystallised Glauber's salt is used, provided equivalent quantities are take 

Acid Sodium Sulphate, NaHSO ^ — BisulpkcUe of Soda . — This salt, wh 
obtamed by combining equal molecular weights of sodium sulphat 
sulphuric acid, is frequently offered to the trade as tartar sid>8titu\ 
under similar fancy names. It crystallises both in the anhydrous stat 
with 1 molecule of water of crystallisation, and is very soluble in water 
diluted aqueous solution of the salt decomposes into sulphuric acid and s 
sulphate. Acid sodium sulphate is used as a mild acidifymg agent, aim 
a mixture of sulphuric acid and sodium sulphate as described al:^ve. Fr. 
dyers state that the acid sulphate acta better than the mixture of the r 
sulphate and sulphurip acid ; this can be explained by the fact that th 
and normal salts do not readily combine in aqueous solutions, and that tl 
remains in the free state, whole it is liberated gradually when added 
form of the acid sulphate. 

Sodium Sulphite, NTa^SOg + TH^O. — Sodium sulphite is obtained 1: 
action of sulphur dioxide on a solution of sodium carlx>nate. It crystall 
monoolinic prisms which contain exactly 50 per cent, of water. It is 
soluble in water, and not hygroscopic; when the solution is heat€ 
anhydrous salt (Na^SOg) is separated. Sodium sulphite oxidises in the a 
forms sodium sulphate. 

The commercial product contains more or less sulphate, as also carb 
it should contain over 22 per cent, sulphur dioxide, which is estimated 
methods given for this compound. 

Sodium Bisulphite, KaHSOg — Sodium bisulphite is manufactur< 
saturatmg a hot solution of sodium carbonate with sulphur dioxide, and 
ing the product to crystolhse It forms white crystals which smell of s 
dioxide, owing to liberation of that gas, and change to sodium sulphate 1: 
oxidation. A very similar product is sodium metasulph^te (NagSgOg). 
are expensive products, and retain their original strength (about 62 and 
cent, respectively of SOg) for a short time only. Generally the solul 
sodium bisulphite is used {^bisulphite of soda) which does not change 
closed wooden casks As sold its specific gravity vanes from 1-26 t 
(62® to 80" Tw.). A solution heavier than 1 31 (62® Tw.) is liable to ( 
crystals of bisulphite in very cold weather, which fact is not always n 
A bisulphite of soda solution of the strength 62“ to 62“ Tw should ( 
20 to 23 per cent, sulphur dioxide (SOg), be clear and nearly colourle 
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smell of stdphur dioxide. Sodium bisulphite is used in the bleaching of wool 
and silk, for the prepamtion of sodium hydrosulphite, for rendering certain 
dyestufEs soluble (coerulein), as an amtiohlor, and for other purposes. 

SPECIFIC GRAVITIES OF SOLUTIONS OP SODIUM BISULPHITE 
AT 16“ {Chefni%hefr-K<jdtnder) 


Speolflo 

Per Oent 

Per Oent. 

Speoiflo 

Per Gent 

Per Oent 

GraTlty 

ITaHSOa 

SOx 

Gravity. 

NaBSOs 

SOx 

1-008 

1 6 

0-4 

1-171 

16 6 

10 2 

1 022 

2 1 

13 

1 190 

18 6 

11 6 

1 038 

3-a 

22 

1-210 

20 9 

12 9 

1 062 

5 1 

3'1 

1-230 

236 

14 6 

1 068 

65 

39 

1-262 

26 9 

16 9 

1-084 

80 

4-8 

1275 

28 9 

17-8 

1-100 

9-6 

67 

1 296 

31-7 

19 6 

1 116 

11-2 

68 

1 321 

347 

22 6 

1 134 

12 8 

7-8 

1-346 

38-0 

23 6 

1-162 

14-8 

90 





Sodium Thiosulphate, NajSoOg + SHgO — Hyposulphite of Soda, AnticJdor^ 
Sodium thiosulphate, commonly known as hyposulphite of soda, is obtained 
from alkali waste. It is a very soluble and shghtly deliquescent salt. Hydro^ 
chloric acid decomposes the aqueous solution, sulphur bemg separated in a 
finely divided state, and sulphur dioxide given off 

Sodium thiosulphate evinces strong reducing properties. It reacts with the 
halogens and transforms them into compounds with sodium ; the reaction with 
iodine proceeds accordmg to the equation — 2!N'a2S^Og + 13 = 2 N'aI + NagS^Og. 
On this reaction is based the use of sodium thiosulphate m volumetric analysis. 
Ohlorme reacts similarly to iodine with sodium thiosulphate (See below ) 
Commercial sodium thiosulphate is almost chemically pure It is used 
sometimes as a mordant for wool, and finds application as an antichlor in 
the treatment of vegetable fibres after they have been bleached with a hypo- 
chlorite — ^.0.J it transforms free chlorine mto a non-oxidismg compound, as 
indicated above 

Sodium Hydrosnlphite, Na^S204 — Schuetz&nherger's salt — This salt is now 
manufactured in the anhydrous state by the Badisohe Anilm- und Soda-Fabrik,* 
and the Farbwerke, Hoechst (MLB), but is usually prepared by dyers who 
use it for the reduction of mdigo {Hydrosulphite vat) and other vat colours 
Sulphurous acid is reduced by zmc or iron to hydrosulphurous acid, which 
dissolves in water with a yellow colour, and is extremely unstable, decomposing 
within a few minutes at the ordinary temperature, with simultaneous deposition 
of free sulphur. 

Hydrosulphurous acid is a far more powerful reducing agent than sul- 
phurous acid. The sodium salt is obtained by the reduction of sodium 
bisulphite (m strong solution) with zinc m the form of zinc-dust, or bettei, 
zinc-clippings (to avoid too great an evolution of heat) , the liquid must be 
kept cool. The zinc sodium sulphite separates in the form of crystals, while 
the sodium hydrosulphite remains m solution as long as the liquor is warm 
The latter salt is not a stable compound m the presence of water, it readily 
takes up oxygen from the air to form sodium sulphite , and in the absence of 
air it soon decomposes in aqueous solution, forming sodium thiosulphate 
For this reason, only such quantities as are required for immediate use 
should be prepared The dehydrated salt is, however, a very stable substance. 

* English Patent 7,397, 1904, Jourrh, Soc Dyers and Col,, 1906, p 114. 
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According to Bemthsen,'^ the first stage of t^ Qea.otion takes 
according to the equation — Zn + 4 NaHS 03 => 2nSO|^"t^£C5S[Q^^+^^^ 
+ 2 H 2 O. On allowing to stand, it is found, however, 
of bisulphite is reduced than would correspond to this equa^n* Tne com 
reaction is shown by the following equation — 3Zn + lONaHSOo = Zn 8 ira 5 i 
+ Na^SOg + SNa^SgO^ + SHjO. The more dilute the solution of hisul 
employed, the slower will the reaction be. Thus, whereas with a sol 
containing 0*6862 grm NaHiSOg in 1 htre, the maximum amount of h 
sulphite was only formed in 266 hours, a solution containing 26 97 \ 
in 1 litre reached a maximum in IJ hours. 

The practical preparation of hydrosulphite is described under indigo (q 
Sodium Sulphoxylate - Formaldehyde — HO. CH 3 . 0 . SO . IToi 2 
* NaHSO« + QH 3 O + 2H«0 — Eydrosulph/ite N F Extra (M L.B.) — Eyr^ 
C Extra (Uassella)— G (B A.S F.) — ^By the action of formalde 
on sodium hydrosulphite a very stable product is obtained according b 
following equation : — 

(NajSjO^ . 2 Ha 0 )+ 2 CHa 0 + 2 H 20 = (NaHSOa . OHaO . HaO) + (NaHSO, . CHgO . 21 

The product is thus a molecular mixture of the formaldehyde compoui 
so&ium sulphoxylate^ KaHSOg (a salt not yet obtained in the free state), a 
sodium bisulphite The pure formaldehyde compound of sodium sulphoa 
separates from the aqueous solution in olinorhombio crystals, which 
spond to the formula NaHSOg . OHnO . 2HnO, and is prepared on the 
scale by reducing sulphurous acid wi^ zinc dust in the presence of forn 
hyde at an elevated temperature and in the presence of acid.f 

In contrast with the hydrosulphites the formaldehyde compounds of 
and of the sulphoxylates exert their very strong reducing power only 
elevated temperature or when dissociated by acids. They do not r< 
oxidise m the air, and, therefore, thejr may be kept in store for a consid< 
tune, if protected against heat and moisture 

The commercial products form greyish-white lumps, and are used u 
large quantities in the textile printing industry for discharging red 
colours, especially azocolours, on the various fibres, and also for stnppmg 
goods. 

For the latter purpose the Formaldehyde compoimd of Basio Emi 
phoxylate (which is marketed under the denomination of Decrohne^ Eyrcd 
for strippyagy Eyd/rosulphite A E) is preferred This compound forms j 
stable substance, msoluble in water, but soluble in dilute acids, and exei 
dissolvmg a powerful reducing and stripping action (see Part vil, 
Colours) 

Sodium Chloride, NaOl — Common Scdtj Rock Salt^ Salt — Sodium d: 
and its sources are well known. It forms crystals of the regular s; 
without water of crystallisation, melts at 776®, and is volatilised at a 
heat On bemg heated, the ordinary salt decrepitates, owing to meohai 
enclosed moisture The solubility of sodium chloride is nearly the ss 
different temperatures j 100 parts of water dissolve, according to PoggiaL 


0® 0 

16® 0 

26® 0. 

40® 0. 

00" 0 

80® 0 

IOC 
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Farts. 
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Farts 
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35 6 

36 9 

36-1 

36*6 

37 3 
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* A Bemthsen, Lid) Ann , 208, p 148 ; Bee also Berl, Ber,, 190% p 1048 ; M. 
Berl Ber , 1906, p 1057 ; Journ Soc JDy^a and Col , 1905, p. 140 

t L Bauinaim, G. Thesraar, and J Froesard, Joum Soc Dyers and Col , 1905 
M Bazlen, ft., p. 140. English Patents 6,8b7 and 10,446 of 1903, 13,955 of 1904, j 
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aad at the boiling point of the saturated solution (109*7® 0.), 40*36 parts 
The specific gravity of salt solutions at 16® is, according to Gerla^ — 


Per cent. NaQ, . . 6 10 16 20 26 26 4 (aaturated) 

Speoifio gravity, . . 1*0862 1*0738 1*1114 1*1610 1*1923 1*2043 


The commercial article contains small quantities of sodium sulphate, calcium 
sulphate, and magnesium chloride, also some moisture. 

Sodium Nitrite, NaNOj. — Sodium nitnte is manufactured by meltmg 
sodium mtrate wili reducing substances, such as lead, iron, or calcium sulphite. 
It forms small crystals, which attract moisture, but are not deliquescent. It 
is very soluble in water and is instantly decomposed by hydrochloric or 
sulphuric acid with hberation of free nitrous acid, HNOg. The commercial 
article contains from 93 to 98 per cent, of NaNOg- Its valuation is effected 
with permanganate or with oheinically pure sulphamlic acid. 

Sodium nitrite is used in the production of azocolours and some other dye- 
stuffs, and finds extensive application for the production of azocolours on 
the fibre. 

Sodium Carbonate, NaoOOg — Soda Ash; Soda, Alkali — Soda Crystals^ 
NagOOg + lOHgO j Crystod Ga/rhonate, NagOOg + HgO (1). — Sodium carbonate 
is manufactured ih immense quantities, chiefly by two methods . — 

1. The Le Blano Process, — Sodium sulphate, as obtained from salt and 
sulphuric acid, is heated with coal and calcium carbonate; it is reduced thereby 
to sodium sulphide, and subsequently transformed into the carbonate. 

(1) Na 2 S 04 + 40 = NagS + 400. (2) Na^S + OOgOa = Na^OOg + CbiS. 

2. The Solva/y or Ammonia Process, — Salt in aqueous solution is decomposed 
by means of carbon dioxide and ammonia gas and converted mto sodium 
bicarbonate and ammonium chloride ; the former is separated by filtration and 
heated until 1 molecule of carbon dioxide is driven off and so^um carbonate 
remains ; — 

(1) NaCl+NH3+HaO+OOa=NaHCO,+NH4CL (2) 2NaHOO,=NajCOg+OOa+HaO. 

It is also obtained in the native state from some lakes (Salt Lake, 
Utah, U.S.A.). 

Sodium carbonate is a white substance which melts at 814® 0. It dissolves 
in water with evolution of heat, and crystallises with varying amounts of 
water. The well-known soda crystals have the composition NagOOg + 10H*,O, 
and contain 37*1 per cent, sodium carbonate and 62*9 per cent, water. This 
compound forms monoclimc crystals. 

Crystal carbonate (Gaskell, Deacon & Co.) is NagOOg + HnO, which formula 
corresponds to 14*6 per cent, water; the commercial product, however, contains 
about 18 per cent, water. 

The solubility of sodium carbonate in water is greatest at 32*6®. The 
saturated solution boils at 106® C. According to Mulder, 100 parts of water at 
the temperatures given dissolve NagCOg in the following proportions — 


0-0 

6-0. 

10“ 0 

16*0 

20“ 0 

80“C 

82 6“ 0 

84“ 0 and 70" 0 

100“ 0 

PartB. 

7 1 

Farts 

9 6 

Parts 

12 6 

Parts. 

16 6 

Parts 

21*4 

Ports 

38*1 

Parts 

69 

Ports 

46*2 

Parts 
46 1 
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Sodium carbonate ia stable m the aar, has an alkaline teste, and acts as a 
mild alkali Most acids are neutralised by sodium carbonate fornung the 
corresponding sodium salts, while carbon dioxide is driven off. With carbon 
dioxide it forms sodium bicarbonate. It strongly resembles potassium carbon- 
ate in its chemical properties. 

Gornmeroidl Bodwim carbonate is sold under the name of “ soda ash.” It 
comes into the market in various strengths, chiefly 48“, 52“ to 66“, and 68“, 
each degree indicating 1 per cent, sodium oxide, Na^O. 

Soda ash (jpv/re 58°, contains over 68 per cent. NagO or 98 to 99 per 

cent, pure sodium carbonate, and is pure enough for almost all technical 
purposes, especially all dyemg operations, and this is the article referred to 
under soda ash ” in other portiona of this work. The other brands contain, 
in addition to sodium carbonate, chiefly harmless impurities, like sodium 
sulphate and chloride j also some caustic soda, which is objectionable for some 
apphcations, while in others its presence is a distinct advantage, A good 
product should be a white mass which dissolves in water without colour and 
without leaving much residue ; it should be free from iron and from sulphides. 
In bleaching, however, sodium sulphide may sometimes have a beneficial 
effect. (For analysis, see Part XI.) The tables show the specific gravity of 
the solution. 


SPEOmO GRAVITIES OP SOLUTIONS OP SODIUM CARBONATE AT 16* 0, 


I Percentage by 
Welg^ 

Begreei 

Twaddle. 

Na^OOs lfa«0 


1 0 47 0-2S 

2 0 95 0-66 

3 1-42 0 84 

4 1-90 1-11 

6 2 38 I'39 

6 2*85 1-67 

7 3 33 1-95 

8 3 80 2*22 

0 4*28 2-60 

10 4*76 2-78 


Percentage by 
Weight. 

Degree! 

Twaddle 



Na,COt 

ITaaO 

11 

523 

3*06 

12 

5*71 

3*34 

13 

6*17 

3 61 

14 

664 

3 88 

15 

7*10 

4*16 

16 

7 67 

4 42 

17 

804 

4*70 

18 

8*61 

4*97 

19 

8-97 

6*24 

20 

9*43 

5*62 


Percentage by 
Weight. 

Degree! 

Twaddle i 



KasCOs. 

NaiO. 

21 

9*90 

6*79 

22 

10 37 

6*06 

23 

10 83 

6 33 

24 

11*30 

6 61 

26 

11*76 

6 88 

26 

12 23 

7*16 

27 

12*70 

7 42 

28 

13*16 

7 70 

29 

13*63 

7 97 

30 

14 09 

8*24 


Soda ash dissolves somewhat slowly on account of its forming hard lump 
when in contact with water. Formerly the ash could not be bought in a stat 
which was pure enough for many applications, and the more expensive crystal 
had to be used. Soda crystals dissolve readily, and are pure enough for al 
purposes ] hence they are largely used — especially in the household — ^in spit 
of the increased expense for freight, &c. The commercial crystals are nearl 
pure NagCOg + 10!I^O, except that they always contain some sodium sulphate. 
Crystal carbonate is nearly pure sodium carbonate, containing some wate 
of ciystallisation — about 18 per cent — and possibly an excess of carbo] 

dioxide. l ix. 

Sodium carbonate is, next to sulphuric acid, the most important or tn 
heavy chemicals. It is used by dyers for various purposes, and in larg 
quantities in the bleaching of cotton goods. 

* An article known as “ Sootoli soda,” which is frequently sold aa soda m retail shop 
contains 60 per cent, or more of Glaubersalt. 
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SPECinO GRAVnXBS OF SOLUTIONS OF SODIUM CARBONATE 
AT 23“ {Sch^ * 


SpMlflo 

Oravlt; 

Per Oeot 
NasOO. 
+10HsO 

Per Gent. 
Na^OOa 

Speolflo 

Gravity. 

Per Gent 
Na^qO* 
+IOH 2 O 

Per Cent. 
NajOO, 

1 0038 

1 

0 370 

1 1036 

26 

0*615 

1 0076 

2 

0 741 

1*1076 

27 

10*005 

1 0114 

3 

1*112 

1*1117 

28 

10 .376 

1 0153 

4 

1 4S2 

1 1158 

29 

10 746 

1-0192 

5 

1 853 

1 1200 

30 

11 118 

1 0231 

6 

2 223 

1*1242 

31 

11 488 

1 0i70 

7 

2 594 

1*1284 

32 

11*in69 

1 0309 

8 

2 965 

1 1326 

33 

12 210 

1 0348 

9 

3 335 

1 1368 

34 

12 600 

1 0388 

10 

3 700 

1 1410 

35 

12 971 

1-0428 

11 

4*076 

1 1452 

36 

13 .341 

1 0468 

12 

4 447 

1 1494 

37 

13 712 

1 0508 

13 

4*817 

1 1536 

38 

14 082 

1 0548 

14 

5 188 

1*1678 

39 

14 453 

1-0688 

15 

5 553 

1*1620 

40 

14 824 

1 0628 

16 

6 929 

1 1662 

41 

16 195 

1 0668 

17 

6 299 

1 1704 

42 

16*506 

1 0708 

18 

6 670 

1*1740 

43 

15 936 

1 0748 

19 

7 041 

1 1788 

44 

10 307 

1 0789 

20 

7 412 

1*1810 

45 

16 677 

1 0S30 

21 

7*782 

1 1871 

46 

17 048 

1 0871 

22 

8 153 

1*1916 

47 

17 418 

1 0912 

23 

8 523 

1*1959 

48 

17 789 

1 0953 

24 

8 894 

1 2002 

49 

18*169 

1 0994 

25 

9 264 

1 2046 

50 

18 530 


Sodium Hypochlorite, NaOlO — Eau de Laha/rraque, Chloride of Soda,^ 
Sodium hypochlonte is most conveniently prepared by grinding bleaching 
powder with a solution of soda, when it is formed by double decomposition^ 
CaOClg + NagCOg = NaOCl + NaOl + CaCOg It is also made on the largo 
scale by saturating a solution of caustic soda with chlorine, and sometimes by 
means of electrolysis of common salt brine, and employed in the place of 
chloride of lime, over which it has the advantage of not formmg precipitates 
of sulphate op carbonate of calcium in the material to be bleached 

Sodium Chlorate, NaClOg. — Sodium chlorate has the same general pro- 
perties as potassium chlorate, and has replaced the latter almost entirely in 
dyeing and printmg owing to its greater solubility and lower price. It dis- 
solves in its own weight of cold and half its weight of hot water. The process 
of manufacture is similar to that of potassium chlorate 
Sodium Chromate and Bichromate (see Ghrormum). 

Sodium Ferrocyanide, N‘ag!Pe2(ON).2 + 24H2O, resembles the potassium 
salt, but contains more water of crystallisation 

Sodium Femcyamde, !N'aQFe2{CN)j2 + HgO, is also very similar to the 
potassium salt. It dissolves m 1*26 parts of boiling or in 6*3 parts of cold 
water, and is deliquescent in the atmosphere 

Sodium Arsenate, Na^HAsO^ + 12H_,0 — Arsenate of Soda — Sodium 
Binarsenate, NaH2As04 + H^O — Arsenate of soda is obtained by evaporatmg 
a solution of arsenic in soda with the addition of sodium nitrate to dryness and 
heating the mass The commercial product occurs either in crystals or in 
white masses, and has a greatly varying composition, containing from 30 to 60 

* The temperature nf 2.^“ has been seleotod, because strong liquors of sodium oarbonate 
would separate crystals at 15" 
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per cent arsenic acid (ASgOg) and considerable quantities of common salt. It 
consists principally of the two above-named arsenates of sodium A solution 
of the salt is also a commercial article 

Sodium arsenate is extensively used as a hxmg agent for mordants, and 
as a substitute for cow-dung m the so-called operation of “dunging” or 
fixing ” Its action consists in convertmg certain metallic mordants, 
especially alumimum and iron salts, into insoluble arsenates, and thus fixing 
them permanently. In calico pnntmg, sodium arsenate also prevents the 
loosely-adhermg excess of mordant from being absorbed by those spots of the 
piece which should remain white, by makmg l£is excess insoluble, and therefore 
non-absorbable It is especially used for the purpose of keeping the whites of 
prmt goods clear. In yarn dyeing, it affects the hands of the workmen owmg 
to its poisonous properties. As it is so dangerous both to the workmen and to 
all who handle the dyed goods, while the neighbouring streams are liable to be 
contaminated with arsemcal liquor, its use is objectionable ; hence, in some 
countries, this has been prohibited. Minute quantities of arsenic remain in 
the finished goods, and may give nse to cases of poisoning, which, however, 
are very rare. 

Sodium Phosphate, Na„HPOi -t- I2H2O — Phosphate of Soda — ^This salt is 
found m commerce in the form of monoclinic crystals, which dissolve sparingly 
in cold water (1 in 25 at 10“ 0.), but readily m hot water (1 in I at 100“ C ). 
The salt effloresces m the air. The commercial product often contains sodium 
sulphate. 

Sodium phosphate is used as a substitute for the arsenate in fixing 
aluminium and iron mordants. It does not act, however, so well os the 
arsenate, because aluminium phosphate is not insoluble under certain con- 
ditions Liechti and Suida* state that sodium phosphate does not produce a 
precipitate in a large excess of aluminium sulphate, two equivalents of 
Al,( 804)3 necessary to retain one equivalent, AIPO4, in solution The 
higli price of sodium phosphate also prevents it from being extensively used 

Sodium Tetrasihcate, Na^Si^Og — Silicate of Soda — This compound is 
obtained by melting sand with soda ash and charcoal It is met with in 
commerce under the name of soluble glassy either as a more or less coloured 
vitieous mass, or as a thick aqueous solution The substance is very soluble 
in water, but it is not deliquescent m the air The aqueous solution dissociates 
into acid and basic salts when diluted Sodium silicate acts as a mild alkali , 
the commercial article sometimes contains a considerable excess of caustic 
alkali The aqueous solution is decomposed by carbon dioxide from the air, 
and should be kept m well-closed vessels 

Sodium silicate was first prepared by Fuchs for the preservation of 
“ freaco-paintmgs,” and is still used for this purpose. Textile goods, stage 
decorations, hght dresses, or curtams are impregnated with sodium silicate 
to prevent them from taking fire Soap is “filled” with the substance to 
lower the cost of manufacture; and the addition should not be regarded 
entirely as an adulteration, since silicate of soda has, like soap, detergent 
properties. It is also us^ alone in bleaching, acting as a mild alkali 
For certain dyestuffs (for instance, for Aniline green) silicic acid in a finely- 
divided state serves as a mordant, and is produced on the fibre by 
saturating the goods with a solution of sodium silicate, and passing them 
through a weak acid Sodium silicate serves also as a fixing agent for 
metallic mordants like the arsenate and phosphate, especially of iron and 
chromium Alumimum salts treated with sodium sOicate do not readily 
attract the colouring matter from the dye-bath, and do not yield such bright 
shades as when fixed by the arsenate. This is owing to the fact that silicic 
* Jmm, Soc, Ckem Ind , 1883, p 537. 
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acid, being a very ^eak acid, does not readily combine with the alumin: 
hydroxide, so that the precipitation of the latter is more or less prevented 
the basic sihcates, which are generated by dissociation (see above) Besi« 
the commercial product contains an excess of caustic soda, which would ca 
the removal of the mordant from the fibre m the form of a soluble alumn 
of sodium. Iron and chromium oxides, on the other hand, which are 
soluble m the alkali, are well fixed by sodium silicate. 

Sodium Pyroborate, Na2B20^ + lOHgO— jSora®.— This salt forms monooL 
pnams , or, m the anhydrous state (NagEgOy), a white powder. The crya 
dissolve in about twenty times their weight of cold, and half their weigh! 
hot water 

Borax is used in the laundry, the laboratory, and as a mild alkali m 
dyeing of some direct cotton colours on cotton, and of Alkah blues on wool 
Sodium Acetate, NaOjHgOj + SBLgO — Acetate of Soda , — The salt foj 
crystals which lose their water of crystallisation in the air; they rea( 
dissolve in water (1 part m 3*9 parts of water at 6" 0.). ^ 

Sodium acetate is used to transform free mineral acids into their sodi 
salts, with liberation of an equivalent amount of acetic acid in c^es wh 
the presence of the former in the free state would prevent certain ohem 
reactions; or where they might tender the textile fibres, and where aci 
acid would produce neither of these efiPects. For the former reason sodi 
acetate is added to the diazocompounds in developing azooolours on 
fibre. 


SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM ACETATE 
AT 17-5* {Frmt). 


Percent. 

lra02HaO^ 

Spedflo GraTlt 7 

Per cent. 
NaOsHiOg. 

Specific Gravity. 

5 

1*0292 

20 

1*1074 

10 

1*0638 

25 

1*1374 

15 

1 0S02 

80 

1*1706 


SOAP. 

ye£retable and animal oils and fats consist for the most part of 1 
glycerides of the higher fatty acids. Sperm and a few other similar oils j 
exceptions They contain, in place of the radical of glycerin, solid monatoi 
alcohols, which are also combined with fatty acids. 

Glycerides, when treated under suitable conditions with strong bases, i 
decomposed, glycerm is liberated, and salts of the fatty acids are formed, 
such salts, in the widest sense, are “ soaps.” 

In the ordinary sense, however, soap is understood to refer to the co 
pounds formed by the action of fati^ acids or their glycerides upon the bai 
potash and soda only. These are soluble in water, all others (excepti 
ammonia soaps, which are not of much practical importance) are insolul: 
Eesin or colophony, which contains pinic, sylvic, abietic, and other acids, a 
forms soaps with the alkalies. Rosin soap is not often used alone, but 
enters largely mto the composition of yellow household soaps. Excepting 
use in bleaching calico for printing, soap contaming resin is objectionable : 
general use in textile mdustnes. 

The most commonly occurring fatty acids in soaps ore those obtained by i 
saponification of lard and tallow — viz., stearic, palmitic, and oleic acids, 
addition to these, soaps frequently contain the following fatty acids : — ^Lau 
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cid, from cocoa-nut oil ; brassio acid, from rape oil ; linoleic acid, from linseed 
nd other drying oils ; and occasionally ricinoleic acid, from castor oil. 

The fatty acids are monobasic acids, whereas glycerin, the radical of which 
3 combined with the fatty acids in neutral oils and fata, plays the part of a 
ri-acid base. It is a tri-hydric alcohol. When oils and fats are boded with 
otash or soda^ saponification takes place, three molecules of alkali being 
squired to displace one of glycerin. For example, stearin, which is glycyl 
ristearate (the chief constituent of mutton fat), undergoes the following 
hange when boiled with caustic potash • — 

OsH5(CiglBr3|{Og)3 + 3£1H0 = 03Hg(S[0}3 + SKCigHggOs^ 
stearin Potash Olyoerin Potasrii^ Stearate 

890 + 168 = 92 + 966 

n this reaction 890 parts of stearin are decomposed by 168 parts of caustic 
otash, with the formation of 966 parts of anhydrous soap. 

If palmitm or glycyl fcri-palmitate (the chief constituent of palm oil) be 
reated in like manner a similar reaction takes place ; but, on account of the 
ifierence in molecular weights, the quantities are different, as shown by the 
allowing equation — 

CgHsCOisHsiOgb + S Kir O ss 08 ^b(^^)8 

Palmltln. PotariL Glyoerin Pcfcaari^^Palmltate 

800 + 168 = 92 + 882 

n this case 168 parts of potash decompose only 806 parts of fat (palmitin), 
nth the production of 882 parts of anhydrous soap. And according to the 
lycerides present in oils or fats, more or less potash is required to effect 
aponification of a given weight of fatty matter. This may be expressed in 
wo ways— either by the amount of caustic potash required to saponify 
00 parts of fatty matter, or the amount of oil or fat saponified by one 
quivalent of potash or soda In the latter case the figure represente the 
saponification equivalent’’ of the oil or fat. It is the quantity of oil or fat 
rhioh is saponified by 56 parte of caustic potash, or 40 parte of caustic soda, 
nd may be obtained by dividing the percentage of caustic potash required for 
aponification into 5,600, or the percentage of caustic soda into 4,000. In 
he case of fatty acids the saponification equivEdents are identical with their 
lolecular weights (fatty acids being monobasic), whereas with the tri-glycerides 
r neutral fate and ous the saponification equivalents are one-third of their 
aolecular weight 

The table on next page shows the saponification equivalents of the more 
mportant fatty acids, glycerides, natural oils and fate. 

Natural oils from the same sources have not always exactly the same 
omposition. They are not chemical compounds, but mixtures of several 
ompounds — the glycerides. The majority of fixed oils on saponification yield 
rom 95 to 96 per cent, of fatty acids, and about 10 per cent, of glycerin*. Fats 
ontainiug much laurio acid give ratoer different results. The following table 
ontains a few examples of the theoretical proportions of fatty acid and 
lyoerm, resultmg from the saponification of pure tri-glycerides . — 


Launn, 




100 Parts of Glyceride yield 

Fatty Acid Glycerin. 

9^ 04 14 42 

Palmitin, 



. 

96 28 

11 41 

Stearin, . 




96*73 

10 34 

Olein, 




96*70 

10 40 

Brafisem, 




. 96*39 

8 76 

Lmolem, 




96*21 

11 68 

Riomolem, 




96*92 

9 88 
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The increase in weight is due to what is termed “hydrolysis.” On saponifica 
tion the elements of water ai e taken up to form glycerin, and on decomposm* 
the soap with a mineral acid water also takes part in the reaction to form th( 
fatty acids 


Laurie acid, 

Fatty Body. 


« 


Perfientnee of 
Potash (KHO) 
for Saponi- 
fication 

28 

Saponification 

Eq.uivaleut 

200 

Falmitio acid, 

C10H3.JO2, • . 

. 

■ 


21 88 

256 

Steano acid, 

Ci^nOs, . . . 




19-72 

284 

Oleic acid. 




19-85 

282 

Braaaic acid. 

QaH.A. . • 




10-67 

338 

Linoleio aoid, 

Cifl UsgO^, • • 




22 22 

252 

Bioinoleio acid, 

CxaH,*03, . . 




18 79 

298 

Launn, 

3^23^*2)31 * 




26 38 

212 7 

PaLinitin, 

)3. . , 




2U 88 

208 7 

Stearin, 

CjHjI Cl^HygOylg, . 




18-yi 

296 7 

Olein, 

C3H0(C,bH33O2)3, . . 




19 04 

294-7 

Brn^sein, 

03H3(C«H,i0,)3, . . 




16 00 

360 7 

Lmolem, 

Kioinolem, 

C3H«(Ci0H.,O,)3, 

03Hb(C|8H3303)3, 




21 20 

18 06 

2647 

310-7 

Olive oil, 





10 to 19 6 

287 to 296 

Cotton-eecd oil, 





19-1 to 19-7 

284 to 293 

Kape oil, 

■ » . 




17 to 17 6 

318 to 330 

Lmaeed oil, . 

• • . . • 




18 7 to 10-6 

287 to SOU 

Palm oil, 

• • • . 

, 



19 6 to 20 2 

277 to 285 

Cocoa nut oil. 
Tallow, 

Castor oil, 

• • t . • 




24 6 to 26-S 
19 3 to 19-8 
17 6 to lS-1 

208 to 2-28 
283 to 290 
310 to 319 


As a rule, the higher the solidification point of an oil or fat, the greater 
the consistency of the soap made from it with the same alkali 

Soda forms much harder and firmer soaps than potash. In fact, a 
ordinary so-callcd hard soaps contain soda as the base, while soft soaps (oft€ 
called “sweet” soaps) contain potash as the base The hardest commerci 
soaps are those made with soda and fatty matter containing much stearic aci 
such as tallow , and the softest are those made with potash and oils contaimr 
principally olein, linolem, or ricinolein Potash soaps are highly deliquescen 
according to Lant Carpenter, 100 parts of potassium oleate exposed to a 
absorb 162 parts of water, and 100 parts of potassium palraitate absorb 35 pait 
whereas 100 parts of dry sodium stearate absorb only parts. The 
quantities, of course, are liable to vary according to the conditions of tl 
atmosphere, but they show comparative results 

Some soaps, notably those made with cocoa-nut oil, have a remarkab 
property of retaining a very high percentage of water (70 to 80 per cent ) ar 
still remaining fan ly hard 

Soaps are insoluble in solutions of alkaline salts, and also in stroi 
solutions of caustic alkali , hence, in the piocess of manufacture the potash • 
soda used must not be more than of a certain strength, otherwise the partial 
formed soap will be thrown out of solution On the addition of common sa 
to a solution of soda soap, the latter separates out as a curdy maas and ns 
to the suiface. This property is utilised on the large scale for separating tl 
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soap from excess of alkali and impurities in the “lye” employed. The 
glycenn liberated by the decomposition of the fatty matter also remains in 
the alkaline solution. The operation is usually temied “salting out” Por 
the production of a pure neutral “curd” soap, the solution is run of^ the 
soap dissolved in a fresh quantity of water, and the operation of salting out 
repeated. 

When common salt is added to a solution of potash soap a double 
decomposition takes place, resulting in the production of a soda soap with 
formation of potassium chloride In England, potash soaps are not “salted 
out,” hence, “soft” soaps made with neubi'al ojIs and fats invariably contain 
glycerin and usually excess of alkali. In jome parts of the Continent where 
potassium chloride is abundant, this salt is used for the production of a neutral 
potash soap. 

For details of manufacture, woiks such as W Lant Carpenter’s Soap 
Candles, dec,, and Richardson and Watt’s Chemiccd Technology, should be 
consulted. We shall only give here a brief outlme. The methods employed 
for produemg soap may be broadly classified as follows • — 

I By the direct saponification of fatty acids by caustic or carbonated 
alkalies. 

II. By saponifying neutral oils and fats (glycerides) in the cold with exact 
quantities of strong solutions of caustic alkali. 

III. By boihng oils and fats in large open vessels with comparatively 
weak solutions of caustic alkali, with subsequent concentration to a semi-aohd 
mass 

TV, By boiling as m class 3 (but using caustic soda only), with subsequent 
“ salting out ” and ehmination of the glycerm. 

The first three processes are used for both potash and soda soaps Soaps 
mode accoiding to methods I. and lY. contain no glycerin unless added direct. 
Those made by methods II. and III retam the glycerm formed during 
saponification. 

Method I. — The fatty acids employed are almost exclusively those obtamed 
as a bye-product in the manufacture of stearic and palmitic acids for candles. 
The liquid portion known as “red oil” and “oleine” consists essentially of 
oleic acid, with small quantities of stearic and palmitic acids. When prepared 
by the a itoclave process, the product often contains more or less undecomposed 
glycerides as well els small quantities of hydrocarbon oils If glycerides are 
present in notable proportions, it is best to saponify with caustic alkalies. 
Large quantities of soap, however, are made from “oleine” and potassium or 
sodium carbonate for washing raw wool, yam, and cloth 

A solution of potash soap suitable for washing wool may be readily 
obtamed by boihng 100 lbs “oleine” and 25 to 30 lbs. of pure potassium 
carbonate (or an equivalent amount of commercial pearl ashes) with about 
100 gallons of water in a large iron tank , 25 lbs of potassium carbonate are 
required to produce a neutral soap, but for most kinds of work at least 30 lbs. 
may be used with advantage. A potash soap is admittedly superior to a soda 
soap for washing wool and woollen fabrics, but on account of cheapness soda 
is more frequently employed— especially for loV class-goods. To produce a 
neutral soda soap with 100 lbs of “oleine,” about 19 lbs. of puie sodium 
carbonate are required, but in practice at least 26 lbs. are usually taken 

“Oleine,” in addition to its direct use, is also largely employed m 
conjunction with other oils and fats for making soaps by the thud process 

The following table (pp. 208, 209), compiled principally from Allen’s 
Commercial Orgamne AnaVi/sis,, shows the orienn and chief properties of the more 
important oils and fats (with oleic acid and resin) used in the manufacture 
of soap . — 
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Method II. — In making soaps by ike “ cold process, ” the greatest care must 
be taken to employ the exact amount of caustic alkali required for sapomdca- 
tion The alkali used must also be pure and free from carbonate. This 
method is often employed for the manufacture of the cheaper kinds of toilet- 
soap, and of late years a considerable amount has been made for scourmg 
purposes in the textile industries. 

The following quantities are recommended for making a good potash soap 
by the “cold process” for washing wool: — 60 lbs. of good caustic potash 
are dissolved in 6 gallons of water and allowed to cool. The solution is 
then gradually poured into a vessel containing 200 lbs. of Gallipoh ohve 
oil durmg constant stirring with a flat wooden stirrer about 3 inches 
broad. The stirring is continued until the oil and potash have become 
thoroughly mixed, when the vessel is covered and put in a warm place for 
a day or two. The combination between the oil and alkali commences a 
short time after mixing, and is accompamed by a considerable elevation of 
tem^rature. 

The above quantities give an almost neutral soap. For anything but the 
finest work the amount of oil may be reduced to 180 lbs. It is preferable, 
however, to make a neutral soap and afterwards treat it with refined pearl 
ashes (potassium carbonate) in the proportion of 1 to 3 per cent. 

In place of olive oil, cotton-se^ oil, ko., or mixtures of these oils, may, 
of course, be used. 

If it is desired to give the appearance of “ figs ” to the soap, a little tallow 
is used in place of a portion of the oil. A neutral hard soda soap may be 
obtained in the following manner : — 160 lbs. of taUow, palm od, or cocoa-nut 
oil are melted and brought to a temperature not exceeding 40*" 0., and a 
solution of 20 lbs of pure caustic soda dissolved m 76 lbs. of water at a 
temperature of about 22" 0. gradually added during constant stirring. The 
mixture is then poured into a soap frame, covered up, and put in a warm place 
for a few days. 

Method III. — Soft soaps are most usually made by boihng ohve, cotton 
seed, hnseed, rape seed, hemp seed, and other oils, or mixtures of these oils, 
with caustic potash lye The oil is run mto the “ pan ” to the extent of about 
one-fourth of its capacity, and the requisite amount of a solution of caustic 
potash (containmg a httie carbonate) of specific gravity 1*066 to 1 08 (13“ to 
16" Tw.) added at the same time The mass is boiled for some hours until 
saponification has taken place, the completion bemg determined by the appear- 
ance which small samples present when allowed to cool on glass plates. If 
more alkah is required, a solution of caustic potash, ranging from 1*12 to 
1 2 specific gravity (24" to 40° Tw.), is gradually and cautiously added, and 
the boiling continued. The direct steam (if used) is then turned off and 
a portion of the water evaporated by boiling with fire or “close” steam only. 
The fimshed soap is then run into casks while still hot 

“Hydrated” soda soaps are made m much the same manner as “soft” 
potash soaps, using an equivalent amount of caustic soda lye m place of caustic 
potash. The fatty matters used comprise tallow, palm od, cocoa-nut oil, lard, 
oleic acid, castor oil, ohve oil, &o. The amount of uncombmed alkah in such 
soaps, although varying greatly, is usually much less than m soft potash soaps. 
Soaps of this class containing an excess of alkah are used largely for scouring 
purposes Others which are neutral or contain an excess of fatty matter are 
extensively used as “softeners” for treating dyed cotton goods. For this 
purpose pahn oil is the principal fatty matter employed 

Method rV. — Hard soaps made by open-pan boihng, where the glycerin 
is eliminated by “ saltmg-out,” are manufactured on an enormous scale. 
According to Lant Carpenter, probably 90 per cent, of the total soap produced 
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in Englishnspeaking countries is made in tins way. The principal varieties 
known as curd, mottled, and yellow. Almost all kinds of fatty matter 
used, and for “yellow household ” soaps resin is also largely employed, ale 
with tallow, palm oil, and other fats 

Curd soaps should he free from resin. They are of great importance 
milhng and scourmg dyed fabrics. 

Experience shows that, other things being equal, a soda soap exerts a 
more marked mjunous action on wool than a potaoh soap; the “suint,” 
wool grease, of the fleece is a kind of natural soap, and is remarkable in t 
respect that it scarcely contains any soda, potash being almost the sole alkal 
constituent Accordmgly for wool scouring potash soaps free from soda . 
usually preferred, but, on the other hand, a notable amount of injury to 1 
wool may be brought about if the soap contains any considerable exc 
of alkah, and more especially if resinate or silicate of potash be also prese 
A microscopic examination of wool which has been treated with soap sho 
that the edges of the nests or thimbles (with which a wool fibre may be cc 
pared) have been spht and appear more or less shrivelled, and the m< 
alkaline the soap the more the fibre was attacked. It is obvious that 1 
more free from surplus uncombined alkali the potash soap is made i 
more suitable it is for this special purpose, in fact, when the quant 
of surplus alkali becomes moderately marked less injuiy is effected by 1 
use of a soda soap free from av/rpliba alkal% than by the alkaline pot« 
soap, although a neutral potash soap, of course, produces still less inju 
The employment of certam ammonium salts for removing the excess 
alkali from soaps depends on the circumstance that potash and soda as a 
potassium and sodium carbonates possess the property of displacing ammo: 
from its compounds with acids. For example, ammonium chloride combii 
with sodium carbonate to form sodium chloride and ammonium carbona 
consequently, if ammonium chloride be added to a soap containing f] 
sodium carbonate, the result is a neutral soap, together with a volai 
alkali, which has no inj*urioua effect on wool. 

The process of effecting the elimination of surplus alkali may be applied 
soft soaps (freed as far as possible from any large excess of alkah by exercisi 
due care in manufacture) by thoroughly crutohmg in an appropriate amot 
of the ammoniacal compound before barrelling the soap. All soaps treated 
this way emit a smell of ammonia on opening the barrels. Soaps de-alkali£ 
by this method are well suited for use where an article devoid of excess of fj 
alkali is of importance. 

Similar remarks apply to “ oil ” soaps for fulling purposes made from ol 
acid, &o , the de-alkahsing agent being crutched in as late as possible consistt 
with due admixture, and the mass allowed to solidify. 

Eor certain purposes, and more particularly for clearing printed calio< 
after dyeing with mordants, and similar operations carried out with otl 
cotton goods, an excess of alkali amounting to only 01 or 0*2 per cent 
injurious, certain colours being more prone to alteration under such treatmt 
than others , accordingly, the caheo prmter requires for such purposes a sc 
as nearly approaching to absolute freedom from excess of alkali as possil 
This result is readily attainable by treating the soap before solidifying m i 
frames with the proper amount of ammoniacal salt, the minute amount 
ammonia retained in the bars, after cutting and staokmg, exerts a very 
less injurious action than the corresponding quantity of fixed alkah uf 
sensitive colours 

According to Thorp Whitaker,* in many oases, after dyeing, the matei 
(especially wool) contains a considerable amount of free acid, and if a perfec 
• Joum» Soc Dyeia arid Col , 1887, p. 41. 
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neutral soap were used^ a portion would be decomposed and free fatty acids 
deposited on the fibre. In such cases, therefore, a soap containing i per cent, 
of free alkaline carbonate, if properly used, will not injure the coiours, and 
indeed gives superior results to one absolutely free from excess of al^li. 

The following tables show the results of a few analyses made by Rawson 
of scouring, milling, and softening soaps : — 

POTASH SOAPS FOR WASHING RAW WOOL, &o. 


Id 100 Farts. 

Made from 
Olive aad 
Cotton-seed 
Oils. 

Made from 
Olive Oil 
and Tallow 

Made from 
OUveOU 

Made from 
Ootton-aeed 
Oil. 

Source 

unknown 

Water, 

42*20 

37 10 

48 76 

41-78 

45 96 

Combined alkah (P^O), , 

920 

10-08 

7 32 

9 06 

7 78 

Fatty anhydride. 

43-78 

47-60 

38 37 

43 82 

40 36 

Potassium hydrate, . 

•46 

■28 

22 

16 

]- 1-60 

Potassium carbonate, 

Glyoenn, &o, (by diff ), . 

82 

1-68 

2 06 

1-40 

8-S5 

346 

3 29 

3 80 

4-41 

Melting point of fatty acids, °0 , 

29° 

31“ 

26" 

37" 

32" 


SODA SOAPS 

For Milling Oloth For Soourinq PTjRt»oBBB 



Made from 
Tallow 

Made from 
Tallow and 
Palm Oil. 

Made from 
Tallow, 
Cotton-seed 
Oil, 

Made from 
Palm Oil, 
Whale Oil, 
&Q 

Made from 
Olive OU 

Made from 

1 allow, 
Ootton-seed 
Oil, &o 

Water, , 

Combmed soda 1 
(Na^O), ^ . J 
Sodium carbonate, . 
Fatty aoids, . 

26-73 

7-98 

•18 

67-22 

29-63 

7 78 

•26 

64-06 

23 25 

8-57 

•12 

69 50 

25 38 

7 31 

•75 

65 40 

29 56 

7 07 

•36 

64-11 

18-66 

7 9S 

42 

72 60 

Meltmg point of 1 
fatty acnds, "0., J 

44° 

40" 

38" 

36" 

23" 

37" 


“SOFTENING SOAPS” (SODA). 

MADB PfilNCaPAIiY FROM pALM OlL OB PaLM OiL WITH OlBIO AOID. 





A. 

B. 

C. 

D. 

E. 

Water 



66 SO 

64 40 

32 50 

28 05 

67 50 

Combmed soda, 



8-16 

840 

7-20 

7-60 

1-06 

Fatty anhydrides, . . 



26 95 

30 50 

64-85 

69 16 

7 26 

Free fat, .... 



1-06 

•60 

2-20 

1-26 

22 86 

Sodium oarboUate, . 



16 

■10 

-25 

20 

j- 1-34 

Glycerin, &o. (by diff ), . 



2*90 

1-10 

3-60 

3 83 


Recovety of Fatty Matter from Waste Scouring Liquors ^The waste 

liquors from the washing of raw wool contain, in addition to the soap and 
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alkalies which have been used, the “ yolk ” of the wool. This yolk, which 
different classes of wool vanes greatly in quantity, is a comphcated mixture 
fatty and waxy bodies. It contains a considerable proportion of oholestei 
and cholesteroid bodies which are unsapomfiable On the addition of an a< 
to a solution of soap, the latter is decomposed with the formation of an alkali 
salt and free fatty acids which rise to the surface. When sulphuric acid, 3 
example, is added to a solution of potassium oleate (the principal constitue 
of an olive oil potash soap), free oleic acid nses to ttie surface, and potassii 
sulphate remains in solution. The reaction takes place according to t 
following equation : — 

+ HsS 04 = E[j}S 04 

On this prmoiple the recovery of grease or fat from waste scouring liquc 
depends. The waste hquors are run into large tanks and thoroughly w 
mixed with a shght excess of sulphuric acid (chamber acid is usua 
employed for this purpose) by means of long rakes. After standing soi 
hours the crude fatty matter rises to the surface. The under hquid, whi 
contains alkaline sulphates, a little free sulphuric acid and glycerin 
present in the soap used), is run off, and the magma of fatty matter collect 
and drained on filters made of coarse cocoa-nut matting The separa^on of t 
fatty matter is accelerated by heatmg the mixture of soapy hquors and s 
phunc acid in large wooden cisterns by means of steam, and this method 
now generally Eidopted in modem works. After the excess of hquid 1 
drained away, the magma, which contains in addition to grease much d 
(organic and morganic), bits of wool fibres, <fec., is placed m canvas bags a 
mtroduced into a steam press Steam is slowly admitted, and a gradua 
increasmg pressure apphed The fatty matters melt and flow out of the pn 
along with water into a tank, from which the oil is pumped into a pun^ 
vessel. The cake which is left in the canvas bags stiU contains from 10 to 
per cent of grease, which, in some oases, is extracted by means of carb 
disulphide 

The purification of the fatty matter merely consists in boiling it with 
small quantity of dilute sulphuric acid. The acid solution is run ojBF, and t 
oil transferred into casks. On coolmg it solidifies into a soft yellowiah-bro'\ 
mass, possessing a somewhat disagreeable odour. It is sold under such nan 
as recovered grease, brown grease, Yorkshire fat, <ko 

The composition of this recovered grease varies very greatly according 
the kind of wool which has been scoured and the soap used in the operate 
Recovered fatty matter from the washing o? greasy wool oontams a hi 
percentage of wool-fat, much of which is unsaponifiable If the wool contai 
but little grease, the recovered fat consists prmcipally of the fatty acids denv 
from the soap, and contains only a small percentage of unsaponifiable matt 
In some cases the wool is steeped in water only previous to scouring, by whi 
means much of the yolk ” and potash salts are removed. When this is do 
the soapy liquors give a less yield of recovered fat, but it is of superior quail 
The following figures show the percentage of saponifiable and unsaponifial 
matter m a few samples of recovered grease from wool scouring : — 

Unsaponifiable, . .25*5 ^5 42 5 8 5 15 '6 

Saponifiable, . . 74 6 06 67 6 91-6 84 4 

When large quantities of alkaline carbonates are used in scouring, the val 
of the recovered fat may be less than the cost of production The extent 
which waste scouring liquors vary in composition is shown by the followi 
partial analyses. All the four samples were obtained from the washing of n 
wool : — 
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In 100 Parts 

1 

2 

3 

4 

Water, . . . • 

09 38 

97*10 

96 60 

97*80 

Mineral matter, .... 

15 

1 06 

1 30 

60 

Oil or grease, .... 

27 

1*20 

1 52 

1 36 

Other orgamo matter (by diff ), 

20 

66 

68 

*24 


100 00 

100 00 

100 00 

100 00 

Lbs of pure Bulphiino acid required to\ 
neutralise 1,000 gallons, . , J 

7 

14 

44 

22 

Lbs. of recovered fat per 1,000 gallons, 

27 

120 

152 

136 


After wool has been washed it is treated with a certain amount of oil 
usually Gallipoli ohve oil) to facilitate the carding operation The wool, 
1 the form of shver, is subsequently washed with soap in what is known 
s a back- washing machine. In most works the waste “suds” from this 
peration are mixed with the waste hquors obtained m wa,shmg the raw 
'’ool It IS far preferable, however, to treat the waste liquor from the 
ack- washing machines separately, sijice the recovered fatty matter, contammg 
ut very little unsaponifiable matter is much more valuable than the common 
Town grease. 

The waste liquors from yam scouring (especially worsted yam) also yield 
superior quality of recovered fat, consistmg, as a rule, only of the fatty acida 
erived from the soap and vegetable oils 

Ammonia, NHg — ^Ammonium Hydroxide, NH^OH — Liquor Amrnonioe.— 
s^mmonia is obtained by heating ammonium sulphate with lime — 

(NH4)aS04 + Oa(OH)a = 2NH3 + OaSOi + 2H2O 

^he solution is obtained by distillation of ammonia hquor from gas works. 

Ammoma (NHg) is a colourless gas of a most pungent and peculiar smelly 
y means of which it can be rea(£ly recognised It is exceedingly soluble 
a water, 1 volume of water dissolving, at 16“ 0., 730 volumes of ammoma; 
b IS also very soluble m alcohol. The gas is driven out of both hquids by 
eat, and in open vessels it sloyly escapes mto the surroundmg atmosphere. 
Ammonia can easily be hquefied by pressure, and the hqmd is sold in a 
learly pure state in iron cylmders under the name of “ anhydrous ammonia 
Vhen liquefied ammonia evaporates under reduced pressure, it absorbs heat, 
nd IS, on this account, largely used m the manufacture of artificial ice 

The colourless hquid known under the name of (mmonia is a solution of 
mmonia gas in water, and is supposed to contain the hydroxide NH^OH 
?he liquor has a specific gravity of about 0*88 — i s , it is lighter than 
/ater, and the solution is lighter the more ammonia it contains. (See table, 
. 215) 

Ammonia, ^ both in the gaseous state and in solution, evinces very strong 
>asic properties j it turns red litmus blue, and neutralises even the strongest 
cids, formmg salts with them, which show a remarkable resemblance to 
he salts of potassium and sodium. The salts of ammonium contam the 
aono violent radical ammonium, and the corresponding hydroxide, 

'TH 4 ( 0 H), probably exists in the solution of the gas — NHg + H 20 = NH 4 ( 0 H) 
lany salts of ammoma dissociate into the component acid and gaseous 
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ammonia when strongly heated — NH^Cl = NHg + HOI ; and when their 
solutions are heated with soluble bases, ammonia is driven o£F, while the base 
combines with the acid — 

2 NH 4 OI + Oa(OH), = 2 NH, + OaOlj + 2 HaO. 

The same reaction takes place between the dry substances (see above)- 

Ammonia is always present m the atmosphere m minute quantities, being 
produced by electriciiy, by the evaporation of water into the air, by the 
decomposition of vegetable and animal mtrogenous matter, and by many other 
processes. Hence the air has a shghtly alkahne reaction, except in localities 
where much coal is burnt, when it usually acquires an acid reaction, especially 
when the fuel used contains much sulphur. While the atmosphere of the 
great cities is usually acid from sulphuric and sulphurous acids, the country 
air is frequently alkaline. 

Ammonia is employed for the purpose of neutralising acids in 
^industries (ammoma-soda, dyestuffe, (fee.). By dyers it is used when a milder 
alkali than caustic soda is wanted ; or where its volatility allows of the ready 
removal of an excess of the alkali, as, for mstance, in neutralising Turkey-red 
oil. It is also used as a fixmg agent for some metallic mordants — e,g , lead 
salts and basic iron salts. 

Ammonium Sulphate, (NH4)2SO^ is the principal commercial salt of am- 
monia, and is obtained as a bye-product in gas and coke works , also m the 
blast furnace and in the Mond gas process. It is used as a constituent of the 
so-called metachrome mordant (see Gh*omivm\ and for the manufacture of 
ammoma and its salts. 

Ammomum Chlonde, NH^Ol — Sal Ammoniac, — This salt occurs as a tough 
fibrous mass, or crystalhses in arborescent forms of the regular system It is 
very soluble in water, and, when heated, it volatilises completely without 
meltmg. Ammomum chlonde is used for the fixation of aluminate of soda 
on the cotton fibre, in aniline black dyemg, (fee. 

Ammonium Carbonate, (ElS.^^Ob^—Sal volatile, Salt o/'Hiow'teAom.— The 
so-called salt oj hartshorn only is of practical importance. It consists of awr 
momu/m Incarbonaie, (NHv)HOO„ and ammoniimh ca/rhamate, 00(NH2)(0NH4), 
the salt of oa/rham%c cuyia^ CO( 1 nH 2 )(OH). It is formed by the putrefaction 
of nitrogenous substances like urme. In former times it was obtamed by 
the destructive distillation of hide clippings, bones, or horn ; hence the name 
salt of hartshorn (and spirit of hartshorn for ammomarwater) At present 
it is produced by heating ammonium sulphate with chalk. It forms a white 
semi-transparent fibrous mass which is readily soluble in water, smells of 
ammonia, and absorbs from the atmosphere moisture and carbonic acid, 
forming ammonium bicarbonate, When the salt is dissolved in water the 
ammonium carbamate is changed mto the normal ammonvum carbonate, 
(!N‘H4)2COg, which is also known m the free state. 

Commercial ammomum carbonate or salt of hartshorn is used as a fixing 
agent for aluminium mordants in place of urine. 

Urvne is secreted by the kidneys from the arterial blood ; it contains in 
solution a part of the nitrogenous waste of the animal organism in the form 
of v/rea, 00 (jN'H! 2 ) 2 , (^6B!4!N’40a). By putrefaction or fermenta- 

tion the urea is converted mto ammomum carbonate (as mdicated by the smell 
of putrid urme) — CO(NHa)2 -1- 2H2O = (NHJjCOg 

The action of urine is cidefly due to ammonium carbonate, which has 
a mild alkaline character. However, the fatty and albuminous substances, 
together with the small amount of ammomum phosphate found in urine, may 
exert some infiuence. At present urine is used to a small extent only, 
because substitutes have been found which are more regular in composition 
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and pleasanter to work with, especially ammonia and cax’bonafce of ammonium 
The human urme only is used It is employed in washing wool, in preparing 
some colouring matters, as orchil and cudlJ^r, in the preparation of indigo 
vats, and as a fixing agent of aluminium mordants. 

Gounlwrig, — Under this name are generally comprised the various kmds oi 
dung, such as sheep’s dung, &o. Dung contains a mixture of phosphates, 
carbonates, silicates, sulphates, and chlorides of calcium, potassium, sodium and 
ammonium, and other salts, albummoid compounds, fatty acids, fibrous matter, 
and various other substances. When fresh it never has an acid reaction, and 
rarely a basic one. It is prmcipalljr employed in so fixing the mordants on 
cotton piece goods prior to these being dyed, that the white parts shall remam 
clear. The action of cow-dung has not been completely explamed j the phos- 
phates, silicates, and carbonates doubtless exert a fixmg action, but the organic 
substances are not altogether inert. It is known that the latter are capable of 
forming precipitates with metallic oxides — e g , with red liquor — while they 
also act mechanically by absorbing the loosely adhering mordants and removing 
them completely from the fibre, so as to prevent them^ from spoiling the white 
of prmted goods It is asserted that cow-dung gives better results than any 
substitute, such as the arsenates, phosphates, silicates, or carbonates, while 
it seems to act more slowly and evenly. The dunging bath is principally 
made up with cow- or sheep-dung, and should not contain too much straw 
or iron , before being used it is often allowed to stand for some days 
with addition of some caustic soda, and subsequently diluted with 60 to 
60 times its volume of water; the temperature of the dungmg bath should 
be 60“ to 66*. 

Ammonium Acetate, (1TH^)02H802, forms crystals which are exceedingly 
soluble m water, but not dehquescent in the air. The dry salt is decomposed 
when heated. The salt is also used as an addition to the dye-bath in the 
dyemg of woollen goods or glorias (wool-silk) with Alizarins and acid or 
direct cotton colours, in order to effect an even and thorough dyemg of the 
goods Its action is based on its alkaline reaction, which, however, becomes 
acid on boiling in consequence of the evolution of ammonia. Thus it prevents, 
at first, the dyestuffs from bemg too rapidly fixed, but gradually it assists an 
even fixation by causing the bath to become acid. 

Ammonium acetate, on account of its mild alkalinity, which does not affect 
the fibre, is also used for stnppmg colours from wool and silk. 

It may easily be prepar^ by mixing equivalent quantities of acetic acid 
and ammonia. The aqueous solution is found in commerce. 

Ammonium Sulphocyamde or Thiocyanate, (NH 4 )ONS, crystallises in 
colourless laminee. It is very soluble m water and m alcohol, and absorbs heat 
on dissolving The solution of the salt smells of ammonia, and has an alkaline 
reaction. It may be used for neutralismg acids, which, by dissolving iron, are 
liable to transfer it to the colour In order to prevent the action of copper 
on certam dyestuffs it is also added to the dye liquor, an insoluble coating 
of cuprous sulphocyamde bemg formed on the copper Yery minute quantities 
of the salt are sufficient. 

Ammonium Oxalate, (NH 4 ) 2 C 304 + HgO, forms rhombic crystals, of which 
one part dissolves in 23 parts of water at 16°. This salt is sometimes used 
m wool dyeing to correct the hardness of the water and thus to prevent the 
precipitation of the dyestuffs by lime salts. 

Calcium Oxide, CaO — QuicJdvme , Bwnt Lvme. — Calcium oxide is prepared 
by subjecting calcium carbonate (marble, limestone, oyster shells, <ko ), to 
a bright red heat, CaCOg “ CaO H- COg. The purest product is obtained from 
marble. Calcium oxide is a white, amorphous, porous mass of 3 08 specific 
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gravity, vhich cannot be melted It attracts moisture with great avidity, and 
with evolution of heat. It also absorbs carbonic acid from the air. 

Calcimn Hydroxide, Ca(OH)^ — Colcivm Hydrate, Slaked Lime. — Calcium 
^droxide is formed by the action of water on calcium oxide, OaO + HgO = 
CaO^Hj j or, aa it is commonly called, “ slaking ” of lime, which is beat effected 
by first moistenmg the quicklime with small quantities of hot water until the 
mass becomes very hot and begins to break up, and then adding more cold 
water. If the raw material contained clay, and has been heated too strongly, 
the quicklime does not slake well, and ^elds no good caustic hme Calcium 
hydroxide forma a white powder of 2 01 specific gravity, which dissolves in 
730 parts of water at 16", and is less soluble at higher temperatures The 
Boluticn IS called hme water. 

Water containing calcium bicarbonate or organic substances is not well 
suited for makmg lime water, as the lime will soon be covered with insoluble 
substances, and be dissolved but slowly by the water. Lime water contaimng 
undissolved slaked lime, so as to appear milky, is known as mdk of hme 

Dry calcium hydrate has recently been placed on the market by The 
Water-Softemng Materials Co., of Greenwich, and is sold in bags It is 
claimed by the makers to be perfectly stable m the air, and to be specially 
suited for all chemical operations on account of its constant composition 

Calcium hydroxide is decomposed at a red heat into calcium oxide and 
water. It is a strong diacid base, turns red litmus blue, and absorbs with 
avidity carbon dioxide from the air, forming msoluble calcium carbonate, and 
rendering the liquid turbid. Calcium hydroxide is precipitated from the 
aqueous solution of calcium salts, if they are not too dilute, by caustic potash 
or caustic soda; in no case by ammonia. Hence strong solutions of pot^sium 
or sodium carbonate cannot be causticised with hme, but must be diluted to 
a specific gravity of 1‘08 to ITO (16“ to 20" Tw.) In various chemical mdustnes 
calcium hydrate is an important material — e,g , m the manufacture of chloride 
of lime, caustic soda, &o. By bleachers and dyers it is used as a cheap alkali 
for bleaching cotton, as a fixmg agent of iron mordants, in the preparation 
of the indigo-vat, &c When solid {% e , lumpy) hme has been long in contact 
with cotton, it IS liable to tender the fibre, and to cause uneven dyeing. 

Calcium Sulphate, OaSO^ — Calcium sulphate can hardly be said to belong 
to the class of dyers* materials ; but it is certainly a very important substance 
in dyeing, because it is usually present m water, and is the chief substance 
which gives nse to the pm^mcment Ka/rdmess of water It occurs crystallised 
in nature as anhydrite, O8LSO4, and, combing with water, as gypsum and 
alabaster, CaSO^ + 2H2O. Calcium sulphate is soluble in about 400 parts 
of cold water and is less soluble in hot water. Gypsum when moderately 
heated loses its water, forming the so-called plaster of Pans This takes up 
2 molecules of water again when moistened, and forms a sohd mass Arti- 
ficially prepared calcium sulphate or “ annalme ** is used by paper manu- 
facture! a. 

Calcium Chloride, OaOl^, is formed by the action of hydrochloric acid on 
hme or chalk , and is obtained as a bye-product m many chemical processes — 
e,g , in the manufacture of ammonia-soda 

Calcium chloride is an extremely soluble and dehquescent substance, which 
IS found in commerce aa a white porous or as a sohd dense mass , it also foims 
crystals with 6 equivalents of water 100 parts of water dissolve 63 parts 
of calcium chloride at 10" C , 120 at 40“ C., and 139 at 60“ C 

Calcium Hypochlorite, Ca -f I or Ca(OCl)2 + CaClg (1) — Chlorzde of 

Lvme or Bleaching Powder, — Chloriae of lime is produced by the action of 
chlorine gas on lime. The ohlonne is passed over calcium hydroxide, which 
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is spread in thin layers in lead chambers Both the exact composition of the 
product and the chemistry of the process by which it is generated are still 
more or less obscure. The commercial product contains 36 to 39 per cent 
available chlorine — ie^ available m the form of hypochlorous acid. By the 
action of chlorme on calcium hydrate, calcium hypochlorite, Ca(OClK is 
formed according to the equation — 2Ca(OH)2 + 201g = Ca(001)2 + OaOL + 

Chloride of lime is considered to be a similar compound. Bleaching 
powder, the commercial article, is a soft white powder which should not 
contain any lumps. It has the smell of hypochlorous acid and slowly becomes- 
moist m the air It is soluble m twenty times its own weight of water, but 
always leaves some msoluble residue. The solution on being heated gives, 
off oxygen, while calcium chloride and calcium chlorate are formed A 
solution containing an excess of caustic alkali is not readily decomposed by 
boiling Oarbomc acid expels the hypochlorous acid ^ and in this way chloride 
of lime IS decomposed by the atmosphere — 2CaOCl2 + HgCOg = CaCOg + CaCl^ 
+ 2H001 Hypochlorous acid subsequently decomposes, forming oxygen in 
the nascent state — HOlO = HCl + 0. 

To the oxidising action of this oxygen is due the bleachmg power of 
chloride of lime and of all hypochlorites (J^au de Jamlle^ <fec). The effect 
of all these compounds is increased if some acid is added to the solution 
of bleaching powder, only a very small amount of acid is required to start 
the reaction, fresh acid being generated by the process itself, so that it becomes 
continuous Ca(001)2 + 2HC1 = CaCL + 2H001 ; 2H0C1 = 2HC1 + 20 The 
employment of formic and acetic acid, for this purpose, has been recommended 
by Q Lunge. 

Chloride of lime, when used for the bleachmg of cotton and Imen goods, 
IS applied m the form of a perfectly clear very diluted solution, 1 003 to 
1*007 specific gravity to 1 J** Tw.) If solid lumps of chloride of lime should 
occur in the solution they may settle on the fibre, so as to weaken it, or at 
least may give rise to uneven dyeing by formmg oxycelluloae. The solution 
should be prepared in the cold because chloride of lime is decomposed on 
boiling (see above) 

The largest quantities of bleaching powder are consumed for the bleaching 
of cotton, flax, hemp, and materials for the manufacture of paper , while next 
in importance is its use as a disinfectant It is also used largely as an 
oxidismg agent m various chemical mdustries — e ^ , as a discharging agent 
in calico prmtmg. 

The preparation of solutions of bleachmg powder is not a very simple nor 
an economical operation. Where the expense of carnage is not too great the 
liquor (bleaching liquor), made direct from milk of lime, is bought from the 
works by the consumers 

Other bleachmg liquors, the active constituents of which are hypochlorites, 
are also used The most important of these is sodium hypocnlorite In 
addition may be mentioned the hypochlorites of magnesium, of zinc, and of 
aluminium , the last named is known as Wilson’s blearing liquor 

Calcium Cajrbonate, CaCOg — Ghalk^ Ccvrhonate of Lvme — Calcium carbonate 
occurs widely diffused as chalk, limestone, coral, marble, calc-spar, and 
aragonite — m the amorphous and m vanous crystallised forms It is almost 
insoluble in water (2 parts in 100,000 parts of cold or boiling water) , but 
more soluble in water containing carbonic acid (88 parts m 10,000 parts 
of such water at 10°) When the carbonic acid is driven from the water by 
heat, the calcium carbonate is precipitated The hardness of natural waters, 
due to dissolved calcium bicarbonate, is known on this account os temporary 
hardness. Calcium carbonate has mild basic properties, and is readily decom- 
posed by acids. It is used by chemical manufactuiers to neutralise acid 
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liquids, and by dyers as a mild alkali for neutralising acids for the fixing 
of mordants (Turkey-red dyeing, “chalking”), and for introducing into the 
dye-bath the amount of lime necessary for the dyeing with Alizarin For 
these purposes it should be lights soft, and almost completely soluble m 
diluted hydrochloric or acetic acid. It should not contain carbonates or 
hydroxides of the alkahes The latter can be detected by the reaction of an 
aqueous extract on phenolphthalein, which must not be coloured thereby. 

Calcium Sulphocyanide or Thiocyanate, 0a(0!N'S)2, crystallises with 3 
equivalents of water, and is very soluble m water The crude liquor, 
obtamed from gas water, is used for the preparation of other sulphooyanides 
in textile printing. 

Calcium Acetate, 0 a( 02 H 30 ^) 2 — Aoetate of Lxfm — Calcium acetate is pro- 
duced by neutralising acetic acid with lime. It crystallises with 1 equivalent 
of water, Oa^OgHgO^o + HgO. It is very soluble in water, is precipitated 
from solution by alcohol, and, chemically, acts as a neutral salt, although it 
turns red htmus blue. 

Calcium acetate occurs in two forms in commerce — hrown or grey acetate 
of lime, the crude product obtained from pyroligneous acid ; and wh/ite acetate 
of lime, a purer ariucle. To obtam pure calcium acetate, free from iron, dyers 
prepare it for themselves by neutralising hme with acetac acid — about 7 parts 
of acetic acid (30 per cent, strength) to 1 of quicklime (CaO) are necessary ; 
litmus paper does not show the point of neutralisation, but phenolphthalein 
paper may be used for this purpose. 

Calcium acetate is a mordant proper, since calmum is on integral constituent 
of the Alizarin lakes, and it is introduced mto the colour in the form of the 
acetate; it is also used in the preparation of other acetates which serve as 
mordants — e g , aluminium acetate ; but its principal use is in the manufacture 
of acetic acid. 

Barium Peroxide, BaOg. — Barium peroxide is produced when a current of 
oxygen is passed over gently-heated banum oxide It forms a greyish-white 
porous mass, and dissolves m dilute acids, forming peroxide of hydrogen — 

BaOa + 2H01 = -h BaCl^ 

On the other hand, barium salts in aJkalme solutions are converted by hydrogen 
peroxide into banum peroxide — 

BaClg -H BijOg + Ba(0£[)3 — BaOji + Ba.0l2 + 2Bj)0. 

On bemg heated beyond 400® C., barium peroxide is decomposed into oxygen 
and barium oxide Banum peroxide is used for the preparation of hydrogen 
peroxide, and of pure oxygen. 

Barium Sulphocyomde or Thiocyanate, Ba(CNS) 2 , crystalhses with 2 mole- 
cules of water, and is very soluble and deliquescent. It is used for the 
preparation of sulphooyanides, which serve os mordants in textile printing. 
The commercial article contama banum chloride as an impurity. 

Magnesium, Mg, is a silver-white metal which does not rapidly oxidise in 
the air. It burns with a dazzling white light, which is extremely rich in 
chemically active rays It forms a valuable substitute for sunlight in photo- 
graphy, and is used by dyers for matching-off colours when daylight is not 
available 

Magnesium Oxide or Magnesia usta, MgO, and Magnesium Hydroxide, 
Mg(OH) 2 , are white amorphous powders, almost insoluble in water They 
are weak bmacid bases, and are readily soluble in most acids. With the fatty 
acids they form insoluble soaps. 
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MagneBiuD\ Sulphate, MgSC^ occurs in nature as MgSO^ + HgO, 

and as Epsom salty MgSO^ + THaO. The former is almost insoluble in water ; 
the latter is very soluWe in water (1 in 3 parts at 15 ® C.). It is prepared on the 
large scale from kieserite and magnesite, and occurs in commerce in rhombic 
crystals or as a crystalline powder. Mamesium sulphate is used in medicine, 
in wool dyeing (for some basic colours;, and in enormous quantities for the 
finishmg of cotton goods. If used for the latter purpose, it should not contam 
any magnesium chloride, as the latter is liable to generate hydrochloric acid 
in the free state at the temperature of the callender roller, and thus might 
tender the fibre. 

Magnesium Chloride, MgCl2, is a very soluble and deliquescent substance 
and IS extensively used as an addition to size for cotton warps On being 
heated it decomposes into TnagnesiiLm axpcMomde, MgOl(OH), and hydro- 
chloric acid. As mentioned above, it is liable to weaken the fibre under 
certain conditions. Water containing much magnesium chloride is not suitable 
for feeding steam boilers, because the acid which is set free corrodes the iron 

Magnesium Carbonate, MgOOg, is found native as magnesite It is almost 
insoluble in pure water, but re^ily soluble in water containing ammonium 
salts or carbonic acid 

Magnesium Acetate, Mg(C2H802)2j crystallises with 4 eqmvalents of water. 
It is very soluble It has been proposed as a mordant (compound mordants, 
H Koedilin), and can be obtained by the double decomposition of magnesium 
sulphate and lead acetate, or by dissolving magnesium carbonate in acetic acid. 
In pnnting colours for calico, it plays the part of a powerful alkali 

ALUMINIUM, A1 = 27 - 1 . 

In the pure state, aluminium is a perfectly white metal, but as produced it 
has a bluish-white tinge , the specific gravity is 2 5 , the meltmg point about 
700 “ C Under all ordinary conditions it is not acted upon by air and 
moisture, sulphuretted hydrogen, ammomum sulphide, or cold acids, except 
hydrochloric acid. The non-oorrodibihty, however, depends upon the freedom 
of the metal from sihcon, iron, and the commercial product is more or less 
easily attacked by chemical agents. Aluminium is readily corroded by 
alkaline solutions which form aluminates, by hydrochloric acid and chlorme, 
and IS acted upon more or less by solutions of chlorides. Salts of aluminium 
are not poisonous. 

Aluminium is a trivalent metal. The formulss of alummium compoundfi 
are usually written with 2 atoms of alumimum, like Al2(OH)g instead oi 
A1(0H)3, and AlgClg instead of AlClg, because aluminium was supposed tc 
be quadrivalent, and to play the part of a hexad in the combination of i 
atoms, like =A 1 — Al= or ^2^ 

Aluminium Oxide, AlgOg — Ahimma , — Aluminium oxide occurs native at 
corundum, ruby, sapphire, and emery It is prepared as an amorphoui 
powder of 3*75 to 3*9 specific gravity by heating alummium hydroxide 
When prepared by gentle heat it is readily soluble in acids , by the applicatior 
of higher temperatures, however, it becomes insoluble m acids All modifica 
tions of alumma become soluble m acids, when melted with caustic alkalies 

Aluminium Hydroxides, Aluminium Hydrate, Alumina — The Alumimvm 
hydrooffidey Al(OH)3 or Al2(OH)g, is formed when ammonia is added to th( 
solution of an aluminium salt — Al2(SOJa + 6NHg + 6H2O = 2Al(OH) 
+ 3(NHJ2S04; when precipitated from boiling solutions it is very difficult h 
dissolve in weak acids — e,g,y sulphurous or acetic acid ; from cold solutions 1 
IS obtained as a gelatinous substance, from hot solutions as a white powder 
the presence of organic f^ubstances like oxalic, tartanc, or citric acid 0 
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^ar niay prevent the precipitation more or less. The dry. mass on being 
ated IS converted into the alvmvmvm h^droxidey AIO(OH) or ALOJOH) 
d by continued heating into the oxide, AI3O3 Alumvmum hydroxide 
20(0H)4, v^hich IS, like the preceding compounds, not soluble m water| 
obtained by boiling the ordinary hydroxide, Al(OH)8, with water for 
hours. According to E. Schlumberger,* it is, however, not possible to 
tarn the normal hydroxide, the products always containing acid or less 
droxyl-groups than demanded by the formula Al(OH)8. Graham obtained 
dialysis of aluminium hydroxide, which was dissolved in a solution of 
immium chloride, a soluble hyd/roxidoy Al(OH)8. This substance coagulates 
heating, as also on the addition of acids, bases, and salts , it is attra5;ed by 
0 textile fibres, and acts as a mordant. Schlumberger states, however, that 
lloidal alumimum hydroxide does not act as a mordant Another soluble 
droxidSy^ was prepared by Walter Crum f by heating a solution 

aluminium acetate, which contained 1 part of aluminium, m 200 parts of 
iter, for 24 hours in a closed vessel. This compound coagulates like 
•aham^s hydroxide, but does not behave as a mordant. 

Aluminium hydroxide acts both as a weak (tiuacid) base and as a very 
jak acid. It forms cdurmniim salts with acids, and cUuminaies with bases. 

Aluminium hydroxide is also precipitated from the solutions of the 
imimum salts by the hydroxides and carbonates of potassium and sodium • 
^amc substances prevent the precipitation more or less. According to 
hlumberger, the precipitates of alumimum salts produced by carbonaties 
vays contain some carbonic acid, and he succeeded in preparing the basic 
’bonate, A1^(0 H)jq008, HoO, By an excess of caustic potash or soda 
3 hydroxide is readily redissolved (with formation of the aluminates); 
imonium salts, especially on boiling, prevent it to a great extent fiom 
lissolving. The hydroxide does not dissolve in ammoma unless a gr<jat 
3es3 of caustic ammonia is apphed, and when no considerable (quantities of 
imonium salts ore present. An excess of the carbonates dissolves but very 
ble of the hydroxide. 

Caustic alkahes^ do not redissolve aluminium hydroxide if the precipitation 
3 been effected in the presence of a magnesium salt {JDoioble Mordants of 
irace Koechhn). In mordanting with the acetates of alumina or chi’ome, 
)tate of magnesium (or calcium) is added to the dye-bath for fixing on cotton 
3h colours as Phloxin or Xyhdine-scarlet. A method mdicated by Koechlin 
the dyeing of Bt. Denis red consists in working the fibre in a mixture of 
imimum and magnesium salt, and then passing it through a solution of 
Lcate of soda. The substitution of the latter for caustic soda, introduced 
C. Weber of Winterthur, has the advantage of fixing an insoluble aluminate 
zinc m the fibre ; in this particular case a 1/rvple mordcmt is formed J 
Alumimum hydroxide, on being precipitated from solutions of aluminium 
ts, att^ts many inorganic and organic substances which are in the same 
ui^ either in suspension or in solution, and is used on this account m 
,nfymg dri nkin g water, sugar solutions, (See Many vegetable and artificial 
louring matters are also attracted by alumimum hydroxide and precipitated 
)m their solutions, formmg “colour-lakes”; the liquid thereby becomes 
^lounsed if enough alumimum hydroxide is used. The lake-formmg action 
the alummum mordants when fixed on the fibre is precisely similar. 
^uinlnateB.--Alumnium hydroxide possesses the character of a weak acid, 
ri^ hydroxides salts which are called aluminates 

fl^nminates are prepared by melting alumimum oxide with bases or 
bn the correspondmg carbonates. Potassium and sodium aluminates are 

* Jemm, 80 c. ^^8 and Col, 1895, p. 10 1 f Ann , 89, p 168. 

T ir'rudiiomme, Joum, 80 c. Dyers aid Col , 1891, p 133. 
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also obtained by dissolving aluminium hydroxide in caustic potash and 
caustic soda. The aluminates which are produced in the dry way are 
derivatives of the aluminium hydroxide, AlOgH — e.g , Ba(A102)2 A great 
many of these occur as minerals. Potassium aluminate is obtamed in crystals 
from aqueous solutions, as Al(OH^ 2 (OK), or 2A1(0H)20K + HgO. Sodium 
aluminate has not been prepared in a crystalline form 

On the whole the acid character of alumimum hydroxide is less distinct 
than the basic The solutions of alummates are decomposed by all acids, even 
by carbonic acid, aluminium hydroxide is precipitated and a potassium or 
sodium salt remains in solution In a similar way the solutions of aluminates 
are decomposed by ammonium salts; potash or soda, as the stronger bases, 
combine with the acid of the ammomum salt, whereas the hberated aluminium 
hydroxide does not combine with the ammoma and remains m the free state m 
the form of a gelatinous precipitate — ^A1(0H)20K + NH^Cl = AI(OH )3 + KOI 
+ NHg Use is made of this reaction in fixing the mordant. 

Aluminate of Soda . — AVzalvns Pvnk Mord^L — This article is prepared by 
heatmg cryolite with lime or bauxite with soda ash. It can also he obtamed 
by addmg caustic soda to a strong solution of aluminium sulphate until the 
precipitate at first formed is redissolved, and no fresh precipitate is produced 
on addition of more caustic lye. A slight excess of alkah makes the solution 
more stable and is not injurious. If a small amount of caustic lye is used the 
precipitate redissolves also at first with formation of basic alummium sulphate ; 
on adding more alkali, however, a fresh precipitate is formed, until all sul- 
phuric acid is neutralised by the caustic soda. Aluminate of soda occurs m 
commerce as a lumpy powder of a white, slightly greenish colour. It is readily 
soluble in water, but not deliquescent, and is decomposed by carbon dioxide 
in the presence of moisture. It is used as a mordant for Ahzann red cm 
cotton piece goods (see Sc7U%€per^8 but csannot well be employed on 

cotton yarn on account of ime caustic action it has on the hands of tlie 
workmen. 

Aluminate of soda offers the great advantage that it does not carry iron 
into the ultimate colour, and that it is fixed on the fibre in a short time with- 
out ageing It finds but limited employment, because it cannot be associated 
with acid mordants. The goods are simply impregnated with the aluminate, 
rapidly dried at an elevated temperature, and passed through a solution of 
ammonium chloride (10“ Tw.) at 60“ to 60“ 0. The aluminium is thus fixed 
in the form of alummium hydroxide. The hydroxide is also fixed to some 
extent by mere exposure to the atmosphere Other salts can be substituted 
for the ammonium chloride — e.g., zmo sulphate, chloride, or acetate It seems, 
however, that they do not offer any advantages over the ammomum salts. 
Aluminate of soda is not used as a mordant for wool or silk, because it is too 
alkaline for these fibres. 

Alumimum Salts. — The salts which aluminium forms with acids are 
colourless. Most of the ordmary salts are readily soluble in water, and possess 
a sweet astringent taste, redden blue litmus, and lose their acid if subjected to 
strong heat. The solutions of the normal alumimum salts are not decomposed 
by hoilmg or by dilution with water (in contrast with the basic salts). They 
are not changed by carbon dioxide or by sulphuretted hydrogen, neither a 
carbonate nor a sulphide being formed. On addition of ammomum sulphide no 
sulphide IS obtained, the sulphuretted hydrogen is simply hberated, and 
alumimum hydroxide formed — 

Al2(S04)8 + 3(NHJaS + 6 HaO = 2Al(OH)a + 3 (^ 4)3804 + 3HaS. 

The behaviour towards alkalies, &o , has been described with the hydroxide. 

Sodium phosphate precipitates from the solutions of alumimum salts, 



224 


A MANUAL OF DYEING. 


alumimvm phosphate^ AIPO4 Al2(S04)8 + 2Na^HP04 = 2AIPO4 + NaoSO^ 
-h 2NaHS04. The precipitate forms a voluminous white mass, whicn is 
soluble in caustic soda, hut not m ammonia. It also dissolves in hydrochlono 
or mtric acid, but not in acetic acid. Citric acid prevents the formation of 
the precipitate, but not tartanc acid or sugar. Alummium phosphate is 
soluble in the aqueous solutions of other aluminium salts. One equivalent 
of alummium sulphate, Al2(S04)8, can keep one equivalent of aluminium 
phosphate, AIPO4, in solution, according to Liechti aAd Suida.* This la 
probably the reason why sodium phosphate is not a good fixing agent fop 
aluminium mordants. 

Sodium arsenate precipitates from the solutions of aluminium salts 
alvmvrdwm, aff'senate as a white powder, which is insoluble in water, but 
soluble in adds. This reaction is used to fix aluminium mordants on the 
vegetable fibres 

Sodium silicate precipitates from the solutions of aluminium salts aluminium 
hydroxide; the silicic acid does not combme under these conditions with 
alumina ; il the silicate of soda contains an excess of caustic soda, the precipi- 
tate of aluminium hydroxide may redissolve m the predpitant. 

Basic Alurmnium Salta . — ^uminium salts dissolve freshly -precipitated 
aluminium hydroxide, forming basic salts, as exemplified in the following 
equation • — 

AL,(804), + Al(OH)a = SAlOOJiOH) 

Basic salts are also obtained in a soluble form by adding the requisite amount 
of the hydroxides or carbonates of potassium, sodium, ammonium, or calcium 
to the solutions of the normal salts, as shown by the foUowmg equations : — 

Ala(S04)8 + 2NH8 + 2HaO = 2A1(S04)(0H) -I- (NH4)a804. 

2Ala(S04)8 + SNajCOa + SHaO = Al 4 (S 04 )a( 0 H )6 + 3Na^S04 + SCOj. 

Al 2 (S 04)8 + eOaCOs + 2HaO = Ala(S04H0H)4 + 2CaS04 + 2CO3 

The solutions of the basic salts are more or less rapidly dissociated into 
normal salts and hydroxide, which latter is precipitated For mstance — 
3 Al^(S04)(0H)a = .^(804)3 + 4 :A 1 ( 0 H) 8 . The dissociation is effected by 
heating or by dilution with water, and takes place the more readily the 
greater the basicity of the salt is. The presence of other sulphates — e.g,, 
sodium sulphate — m solution causes the basic salts to dissociate more readily. 
According to Henri Schmid,! however, dissociation is delayed by sodium 
sulphate, and in its presence basic salts may remain in solution which other- 
wise would be precipitated. 

Probably still move basic sulphates than the compound, Al2S04(0H)4, exist. 
These, however, are insoluble in water. 

Aluminium Sulphate, Alg^SO^)^ + ISHjO. — ^Aluminium sulphate is prepaied 
by dissolving aluminium oxide or hydroxide m sulphuric acid. On the large 
Si^e, aluminium hydroxide (obtamed from cryolite, AlNagF^), or clay 
(alummium silicate), or bauxite (alumina contaimng feme oxide) is dissolved 
in sulphuric acid, and the mass is evaporated until it solidifies on cooling 

Aluminium sulphate in the pure state forms monoclmic tablets which 
contam 18 molecules water of crystallisation and dissolve very easily m water. 
In alcohol it is insoluble The commercial article, known under the names of 
cake aZurrif patent cUvm, and concentrated cdum^ occurs as a solid mass or irregular 
lumps, having a fused appearance. It often contains more than 65 per cent. 
AlofSOJg, and should not contam less than 48 per cent. , the pure salt, 
Alg^SO^^g 4- I8H2O, contains 61 36 per cent. Al 12(S04)8 The article must be 
free from iron and from an excess of acid ; the former injures the ultimate 

*J<mm Soc Chem Ind , 1883, p 637 + Ckemiker Zettung, 1896, p. 777. 
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shade, while the latter is liable to weaken the vegetable fibres and to affect the 
reactions. It is not easy for the manufacturer to satisfy these demands 
excellent qualities, however, are now produced, still aluminium sulphate 
should be carefully examined before use for free acid, iron, and percentage of 
A1.2(SO.)g, as its composition is very irregular and varies even m different 
parts of the same piece. According to Lunge and Keler,* the percentage of 
alumina m the commeroia] aluminium sulphate vanes between 14*6 and 15 5 
per cent AlgOg = 48*7 to 61-9 per cent, Al2(S04)g j in addition, this sample 
contamed about 0 27 per cent, insoluble matter, 0‘Y6 per cent free sulphuric 
acid, a httle sodium sulphate and iron compounds, mostly ferric salts and not 
exceedmg 0 01 per cent !Fe. They found the quantities of iron should not 
exceed 0 001 per cent, for Turkey-r^ dyeing and 0*006 per cent for steam-red 
and steam-pink. 

Basic alumim/u,m sulphates are obtained, as indicated above, by adding 
alkalies or carbonates, &c, usually sodium carbonate, to the solutions of 
alummium sulphate (or alum). The greater the amount of alkah added, the 
greater* is the basicity of the product, as shown by the following equations . — 

(1) ALjCSOJs + Na^OOa + HgO = 2A1(S0J(0H) NagSO^ + 00^. 

(2) 2 Ala(S 04)8 + SNaaCOj + 3HaO = Al4(SQ4)8{OH)8 + 3Na2S04 + SCOa- 

(3) Al2(S04)a + 2NaaC08 + 2HaO = Ala(S04)(0H)4 + 2NaaS04 + 2C0a. 

A crystallised basic sulphate, Al(S04)(OH), has been plaoed on the market 
by Messrs Peter Spence & Oo., Ltd. 

The constitution of the basic salts is explained by the following formulee: — 


Xso/ 


HO SO. 

'“<80. "<8i. 

HCKaI 

HO> -S 04 ^ 


A1 — 

^OH 


With mcreaamg basicity the salt becomes more similar to aluminium 
hydroxide \ thus, formula I. shows a salt which is two-thirds a sulphate and 
one-third a hydroxide; while the salt in formula III. is only one-third a 
sulphate and two-thirds a hydroxide. By the increase of basicity, the intra- 
molecular cohesion is greatly diminished; the normal alummium sulphate 
cannot be decomposed either by boiling or by dilutmg with water, the basic 
salt I dissociates slowly and mcompletely, salt II. more readily, and salt III. 
veiy fast on boiling or diluting with water, separating gelatmous aluminium 
hydroxide, Al(OH)3. 

Liechti and Suida f have investigated the nature of these salts ; they 
experimented with solutions of the normal and basic salts, which were 
equivalent to a strength of 200 grma. normal alummium sulphate, 
Al2(S04)3 + 18H„0, per litre; they determined the effect which was pro- 
duced both by boiling and by dilutmg with water, and they ascertained, 
besides, the quantities of alumina which were retained by the cotton fibre 
on steeping, drying, and ageing. A solution of normal aluminium sulphate 
— 200 grms. per htre — could be boiled or diluted with water without any 
change, and yielded to the cotton fibre only 12*9 per cent, of its alumina; an 
equivalent solution of the first basic salt, iJ(S04)(OH), was precipitated after 
being boiled for some time, or on being diluted fourteen-fold with water, and 
gave up to the cotton fibre 61 per cent of the available alumina; the more 
haaiG salt, Al4(S04)8(0H)g, began to dissociate when heated to 68° or when 


* Joum Soc, Dyers and Ocl , 1896, p. 6. 


i Jowm, Soc. Ghem. 7nd., 1883, p 537 

15 
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diluted with only twice its volume of water, and j^elded aa much as 68*7 
per cent, of its alumina to the cotton fibre; finally, the most basic salt, 
Al2(SOJ(OH)4, dissociated too rapidly on diluting to be available as a 
mordant It was also found that the basic salts dissociated more rapidly 
when other sulphates — sodium sulphate — ^were present in the solutions, 
which IS, however, in contradiction with general experience. Henri Schmid, 
for instance, states that the basic salt, Al2SO.(OH)4, is obtamed in a suflBlciently 
stable form if the alum or aluminium sulphate be mixed with about 20 per 
cent of sodium or magnesium sulphate * Possibly still more basic sulphates 
exist than those described here, which, however, are not soluble in water, and 
have not been prepared by precipitating aluminium sulphate with basic agents. 
D. Koeohhn t has boiled a solution of aluminium acetate which contamed basic 
aluminium sulphate, and thus produced a precipitate which contamed for 100 
pajijs sulphuric acid 343 ’6 parts alumina — t e , only -Aj- of the sulphuric acid of 
the normal salt ; whereas the soluble basic salt, Al2(SO^(OH)4, contains one- 
third the sulphuric acid that the normal salt does. Basic salts, like that 
produced by Koechlin, are probably formed by steeping cotton in commercial 
red liquor ^hich contains aluminium sulphate-acetates, as noticed below), and 
Bubsequentuy drying and ageing 

Lieohti and Suida have tried to obtain pure basic sulphates by dissolving 
freshly-prepared alumimum hydroxide m a solution Of 4}he normal alummium 
sulphate; they did not succeed, however, m obtammg very basic sulphates 
On gradually addmg aluminium hydroxide to the normal sulphate, sufficient 
to form the basic compound, Al4(S04)g(0H)^ no alumina at all dissolved, and, 
on filtering, the solution was found to contain normal sulphate only, but no 
basic salt. It is supposed that the nascent basic compound became decomposed 
as follows Al 4(SOj3(OH)e = AIJSO;)^ + 2Al(OH)g 

Alum— ACwn, Al2K2(o04). + 24H2O; Ammonia Alum, Al2(NH4)2 
(80^)4 + 24H2O — ^The name “ Alum ” ongmaliy indicated the double sulphate 
of aluminium and potassium which crystallises in the shape of octahedra, with 
24 molecules of water of crystallisation. The name was extended later to a 
whole class of double sulphates of analogous constitution and isomorphous 
fomoL In these either aluminium is substituted by another metal, which forms 
a sesquioxide analogous to alumina (AlgOg) — le, by chromium, iron, or 
manganese; or potassium maybe replaced by another monovalent metal, or 
both alummium and pptassium may be exchanged m this way. Thus a 
great number of “ alums are known ; for instance — 


Ammonia alum, . • 

Soda alum, , • 

Chrome alum, 
Femo-ammonia alum, . 


Al2(NH4).(SOj4 + 24HaO 
AlaNa 2 (S 64)4 + 24 H 2 O 
(>3X3(804)4 + 24 HaO 
Fe 3 (NH 4 )j(S 04)4 + 24 H 3 O. 


All these alums crystallise in octahedra, and cannot be separated by 
crystallisation when present in solution together 

Commercial dLvma — ^.e., both potash alum and ammonia alum — are obtained 
by various processes, the ultimate aim of which is to produce a mixed solution 
01 alumimum sulphate and potassium or ammonium sulphate. This mixture is 
allowed to crystallise, and is purified by recryatallisation. 

Alum, as indicated, cryatalliaes m large octahedra with 24 molecules of 
water of crystallisation The solubility of potash and ammonia alum m 
water is given in the following table. Soda alum is much more soluble m 

* See also F Erban [Ze%Uohr\ft f3r Farher-Industnej 1907, p 332), who mamtams that 
the mordant generally m use m Alizann-red dyems oorresponda approxunately to the 
formula Al 2 (SO.)(OH) 4 . 

t Schwizertherger, Farhstojet H, p. 210t 
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water, but cannot easily be obtained in crystals ; it is, consequently, not a 
commeroial article. The alums are not soluble in absolute alcohol. luO parts 
of water dissolve at — 


Parte potash alum, . 
Parts ammonia alum, 


KT 0. 

20*0 

so*c. 

9-6 

15*1 

22*0 

9*1 

13*6 

19*3 


40*0. 

70*0. 

lOO’O. 

80-9 

90*7 

357*6 

27-3 

72*0 

421*9 


Alum is not dissociated by boiling or by diluting with water. By the 
addition of caustic alkalies or alkaline carbonates to solutions of alum, so 
called “ neutral ” and “ basic ” alums are obtained, which are both analogous to 
the basic aluminium sulphates, and likewise decompose on boihng and on 
dilutmg. By gradually adding the alkali temporary precipitates are formed 
which redissolve on stin‘ing, but become permanent on adding more alkali. 
A solution of alum which has been rendered as basic as possible without 
permanent precipitation is called by dyers “neutral alum”; it is, however, 
a basic salt. It can be prepared by boiling a solution of 12 parts of alum with 
1 part calcium hydroxide. If it is allowed to evaporate slowly at the ordmary 
temperature, crystalline crusts are formed, which contain the basic salt, 
Al 4 (S 04 ) 8 ( 0 H)g, and potassium sulpliate (if potash alum was used). If the 
solution is heated above 40® 0., ordinary alum and a precipitate of the 
composition, Al 2 (S 04 )( 0 H )4 + K^SO^, is obtained. 

Alum is used by some dyers in preference to cake alum, since the crystal- 
line form assures regular composition. It is, however, being gradually replaced 
by the latter, which is now sold at low prices in excellent qualities. Potash 
alum contains only 36*1 per cent. A12(S0J8 = 10*76 per cent. AlgOg; and 
ammonia alum 37*7 per cent. Al 2 (S 04)3 — 11*27 per cent. AlgOg ; whereas, good 
brands of aluminium sulphate contain over 66 per cent pure 
16*4 per cent. AlgOg (see also above, p. 224). No distinction is m^e in practice 
between potash and ammonia alam, bat the latter is generally employed smee 
it 18 cheaper; on the whole, both behave like aluminium sulphate. 

Aluminium Chlonde, AiCl^ or AlnOl^. — ^Aluminium chloride is obtained in 
solution by dissolving aluminium hydroxide in hydrochloric acid ; this product 
contains water, which cannot he entirely removed without decomposition of 
the salt. By passing gaseous hydrochlorio acid mto the aqueous solutions, 
crystals having the composition AlOl^ + GHgO are obtained, which decompose 
readily by heat into hydrochloric acid, aluminium oxide or hydroxide, and 
water The solution is not decomposed either on hoilmg or on diluting with 
water. The article is sold in the form of a strong solution or in crystals 
(Peter Spence & Co., Ltd.) 

Basic alvmmvum chlorides or oayychlorides are obtained by adding the 
requisite amount of sodium carbonate to the solution of the normal chlonde. 
Liechti and Suida (Z 0 ) prepared the following basic chlorides in solution . — 

(1) AI,C1b( 0H) = AlClg + AlCla(OH). (8) AL,0l3(0H)a = AlCla(OH) -I- AlCl(OH)a, 

(2) Al2Cl4(OH)# = 2A1C12(0H). (4) AlaCla(OH)4 = 2AlCl(0H)a. 

None of these solutions is dissociated either by heating or diluting with 
water. By dissolving aluminium hydroxide in aluminium chloride only the 
first two basic salts could be obtained. To a solution of alumimum chloride 
a quantity of aluminium hydroxide was added, sufficient to form the basic 
salt, AlClgOH. .The alumina dissolved only on heating, and the solution 
remained clear on cooling. To this clear solution a further quantity of 
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aluminium hydroxide was added, sufdoient to form the compound A 1 C 1 ( 0 H) 2 . 
No more alumina, however, could be made to dissolve, the precipitate even 
increased, and on Storing it was foundLthat the solution contained 1 equivalent 
of hydrociilorio acid, HC^ for 2 equivalents of aluminium chloride, AlCla. A 
similar behaviour was shown by aluminium sulphate (see above). 

The aluminium chlorides yield but small quantities of alumina to the fibre, 
and are rarely used as mordants A process of carbonising vegetable matter 
in wool is baaed on the property which aluminium chloride has of decomposing 
when its aqueous solution is evaporated to dryness. Woollen tissues are simply 
saturated with a solution of normal aluminium chloride and dried after the 
excess of liquid has been removed by mechanical means; the hydrochloric 
acid winch is libeiated destroys the vegetable fibre without affecting the 
colours. Aluminium chloride has antiseptic properties, and has been recom- 
mended as a disinfeotant. 

Aluminium Hypochlorite, A1(010 )q (1) — Wilson^ a Bleachmg I/iqubcyr. — AJu- 
minium hypochlorite is obtained in solution by the double decomposition 
of alumimum sulphate and cbloride of lime solutions The compound is very 
prone to decompose into aluminium chloride and oxygen, and can be used 
as a bleaching agent without any acid being added Four parts of alumimum 
hypochlorite (calculated on Al(ClO)g) are (Muted with 200 parts of water, and 
the goods steeped in this solution for two to three hours. The compound 
has also been recommended as a mordant, since it decomposes on the fibre 
into aluminium hydroxide and hypooblorotifl aoid — ^A1(C10)8 + SHgO = Al(OH)g 
+ 3C10H. On the whole, this substance offers no specml advantage for the 
bleaching and dyeing of the textile fibres, and the fact that it readily 
decomposes is counterbalanced by the generation of aluminium chloride 
which easily destroys the vegetable fibre. The antiseptic properties of 
aluminium chloride, however, render it available for other manufactures — 
6.^., ^per making. 

Anmininni Nitrate, Al(NOg)g. — ^Thia salt is obtained by dissolving alu- 
minium hydroxide in mtno aoici, or by double decomposition of the sulphate 
with nitrate of lead or barium. The salt forma crystals with 9 molecules of 
water, which are very soluble and dehquescent, and when heated to 160“ are 
decomposed into nitric acid, aluminium oxide, and water. 

Basic aluminium nitrates can he obtamed by adding the requisite quantities 
of sodium carbonate to the solution of the normal salt; neither the normal 
nor the basic aluminium mtratea are dissociated by heating or by diluting with 
water. Aluminium nitrate has a limited apphcation in the production of steam 
colours on calico ; it is not used as a mordant for wool or silk. 

Alun^um Snlphlte, Al 2 (SOg )8 (1); Almninium Bisulphite, A1(S08H)8 0)^ 
A lu mmi u m sulphite or bisulphite is obtamed by dissolving aluminium hydrate 
in a strong solution of sulphur dioxide in water (sulphurous acid). The solu- 
tions are reacMy decomposed on boiling. 

Aluminium Thiosulphate (HypoaulphiteY — This salt is obtained by double 
decomposition of alummium sulphate an(i calcium thiosulphate It is known 
in solution only, and its exact composition has not been determined 

Alummium thiosulphate was prepared by E. Kopp as early as 1856 He 
found that the aqueous solution readily decomposes on boilmg, into aluminium 
hydroxide, sulphur dioxide, and sulphur, and recommended it to calico printeia 
as a mordant, its advantages bemg that it was cheaper than aluminium acetate 
, that it fixed the alumma better on the fibre than the other salts , and that it 
prevented, by its reducmg action, the oxidation and fixation of iron on the 
fibre. This mordant, however, has not found general application, since it 
gives off sulphur dioxide even on drying on the cylinders, and deposits sulphm 
together with the alumina on the fibres, hence its ^employment is not advisable 
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A solution containing alnm and sodium thiosulphate has been proper 
mordanting silk previous to dyeing with the Alizarins, It is said t 
yielded good results on a large scale. 

Aluminium Thiocyanate or Sulphocyanide, Aj(CNS)3 — Aluminiun 
cyanate is obtained by the double decomposition oi alumininm aulphai 
bainum or calcium thiooyanate^ — ^Al3(S04)g + 3 Ba( 01 TS )2 ■= 2 Al(ONS)g + 3 
Care must be taken that the aluminium sulphate does not contain any 
of acidj if it does, it must be neutralised by an alkaline thiocyanat 
ferably sodium or ammonium thiocyanate. Sulphuric acid in the fre< 
would be liable to cause a tendermg of the fibre on drying and steamir 
to carry iron into the colour, whereas the neutral thiocyanates do noi 
the fibres nor exert a corrodmg action on iron. Aluminium thiocyanate 
Tw strength is made by dissolving the following ingredients at 60 " 0 . 

3 kgs (30 lbs.) oake-alum in 
2 6 utrea (2^ galls ) water j 
and 

4'1 kgs (41 lbs ) bonum thiocyanate in 
2 '5 htrefi (2} galls.) water. 

Mix the two solutions, filter from the white precipitate, wash with 
dilute with the washing liquor till the strength is 32 " Tw. 

The crude calcium Qiiocyanate solutions can also be used — 

6 kgs ( 10 lbs ) oake-alnm are dissolved m 
5 litres (1 gall ) boiling water, then 
250 grms. (J lb ) ohalk, and 

Hi htres { 2 ^ galls ) oalomm aulphooyamde 32" Tw are added. 

If necessary the mordant can be concentrated by boiling over a fire 

Liechti and Suida examined the normal and basic ^uminium thiooy 
The normal salt can be boiled, and even concentrated by boiling, to a 
consistency without being decomposed The salt, Al2(C!NrS)gOH, is also 
but the more basic salts are decomposed when boiled ; mere dilutio 
water will not cause the decomposition of any of these salts. 

Aluminium thiocyanate was introduced by Storck for the produci 
Alizarm reds in oahco-printing as a substitute for aluminium acetal 
possesses the great advantage that it does not attack the steel doctors 
prmting machine, and thus does not introduce iron into the printing < 
hence the purity and brilliancy of Alizarin red is preserved. The higl 
of the article has prevented its more general employment, especially i 
dyeing Yery fine results are obtomed by mordanting this fibre 
aluminium thiocyanate. The wool is introduced into the cold more 
bath, which is gradually heated to boiling during one to one and Srhalf 
Silk may be mordanted like wool. The thiocyanate is also used i 
prmting. 

Alundnlum Acetate, A1(02H302)8 or AlQfCaHgOg)^ — Normal^ alun 
acetate is not known in the pure state The solution is obtained 1 
solving aluminium hydroxide in acetic acid, or by the double deconm 
of aluminium sulphate and lead, or calcium acetate — Al2(S04)3 + 3 Pb(U 2 
= 2 A 1 (C 2 H 802)3 + 3PhS04. The solution of normal aluminium acetate 
of acetic acid, and yields, on heating or prolonged standing, the basic £ 
A1(02B[80 q) 2(OH), in the solid state, but containing various amounts of 
according zo the different conditions under which it is formed. 

Solutions of the normal acetate which contain other salts (like the a 
sulphates or chlorides or alum) become turbid when heated, and form j 
tates when boiled much more readily than the pure acetate i they dis* 
forming acetic acid in the free state, and precipitates of basic acetates, 
redisaolvo on cooling, unless the acetic acid has been driven off by pre 
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■boibng. These results, which were obtained many years ago by Walter 
Crum,* are not in harmony with the more recent researches of Lieohti and 
Suida (Z.O.)- The latter state that normal aluminium salts are not dissociated 
either by heating or by diluting with water. 

By adding to the solution of normal aluminium acetate the requisite 
amounts of sodium-carbonate solutions of basic acetates of varying basicity 
are obtained, as shown by the following equations . — 1 

dAKOjHjOalj + Na^GOa + HjO = 2ALi(0aH,0a)fl(0H) + 2Na0jH80a + COa* 

2Al(CaHaOa)a + NaaCOa H 3 O = 2A1 (CaHaOa)a(OH) + 2NaCjH80a + COa 

4Al(C3Ha0a)s + SNaaGO, + SHaO = eNaCsHgOa + GOg 

Al(GaHaOa)s + NaaCOj + HjO = Al(GaHa02)(0H)a -t- 2NaCaHs02 + GOg. 

The solutions of basic acetates are dissociated on heating , the more basic 
they are the lower is the temperature at which the dissociation begins , but 
the dissociation is retarded by dilution with water ; in the absence of alkalme 
sulphates no dissociation is effected by diluting with water at the ordinary 
temperature. The precipitates formed by basic acetates in the absence of 
sulphates at higher temperatures are not redissolved on coohng. They seem 
to consist chiefly of aluminium hydroxides 

Comparative experiments were made by Liechti and Suida as to the 
mordanting power of normal and basic acetates. They used solutions of 
A1(02H802)3 and A1(02H802)2(0H), equivalent to 200 grms normal sulphate 
per litre, and impregnated pieces of calico with such solutions until the cloth 
had taken up an amount of the respective solutions equal to its own weight ; 
the cloth was then dried, aged, and washed in equal quantities of water to 
remove all the aluminium which had not been fixed j under these circumstances 
only one-half of the alumina in the normal salt, while all that in the basic salt 
was taken up in the fixmg. ' 

In the presence of alkaline sulphates — e.^., sodium sulphate — ^both the 
normal and the basic aluminium acetates are dissociated by dilutmg with 
water, and the dissociation by heat proceeds more readily than in the absence 
of sulphates. The precipitates obtained by heating redissolve on cooling if 
formed in the presence of soluble sulphates. The acetates which are obtained 
from alum and lead or calcium acetate, always contain soluble sulphates, as 
shown by the equation— Al2K^(S04)4 + 3 Pb( 02 Ha 02)2 = 2Al(02Ho02)8 + KgSO^ 
+ SPbSOj. In practice the l^ic acetates are prepared by the double decom- 
position of alumimum sulphate partly with acetate of lead or calcium, partly 
with sodium carbonate, as is indicated by the following equation — 

Ala(SO ;)8 + NaaG0aI+ 2Pb(GaHaOa)3 -h HaO = 2Al(GaH80a)a{0H) H- NoaSO^ + 2PbS04 + GOg. 

Both in this case, and when the acetate is prepared from alum, the product 
contams a soluble sulphate, and is thereby more easily dissociated. 

It appears that the precipitates which are formed in the presence of 
sulphates always contain some sulphuric acid, and consist of a very basic 
sulphate (see p. 226 — ^the analysis of D. Koechlin). 

A crystallised basic alumimum acetate, •Ai 2 ( 02 H 80 ^ 4 ( 0 H) 2 , containing 
86 per cent of this salt and 14 per cent, sodium sulpl^te is supplied by 
E de Haen, Chemical Works List at Seelze, near Hanover. 

^uminium acetates, which are prepared with lead acetate, are liable to 
retein m solution some lead in the form of lead sulphate, which may exert an 
injurious influence, therefore, in certain cases (for instance, in steam Alizarin 
reds), the lead acetate is replaced by calcium acetate Lead sulphate, however, 
although perceptibly soluble in alumimum acetate, is found only in traces 

* Liehg^a Arm,, kxzix., p 166. 



ALUMimUM. 


231 


in solntiona which contain soluble sulphates — such as those of sodium or 
alumimuin. 

Aluminium Sulphate- Acetates or Sulpho- Acetates — 171 parts of crystallised 
lead acetate are required to convert 100 parts of aluminium sulphate into 
normal aluminium acetate ; and for 100 parte of potash alum or ammoma alum 
120 and 126 parts respectively of the lead salt are required, m conformance 
with the two equations* — 


(1) AlaOOJa + 3Pb(OaHaOs,)a = 2Al(CaH,Oa)a + SPbSO.. 

(2) Ala(NH4)a(804)4 + 3 Pb(CsH n.)a - 2Al(CaHaOa)a 3 PbS 04 + (^4)3804. 


In practice a very much smaller amount of lead acetate is usually employed, 
and this is still further reduced, if a part of the sulphuric acid is neutralised 
by the addition of soda or chalk, to produce a basic salt. Thus mixtures of 
normal or basic sulphates and of normal acetate of aluminium are obtamed, 
which are known as sulphate-acetates or sulpho-acetates. The investigations of 
D Koecblm (-Scbouch) have proved— in harmony with long practical experi- 
ence — that these alumimum sulphate-acetates deposit in the cotton fibre by 
impregnating, and subsequent agemg, basic sulphates which possess the same 
mordanting properties as the hydroxides of aluminium. A precipitate of pure 
basic alumimum sulphate was prepared from alum, dissolved in acetic acid, 
and fixed on the fibre by impregnating and ageing. The compound which 
was deposited in the fibre m this way must be a basic aluminium sulphate, 
accordmg to the method of its preparation Its value for dyeing was ascer- 
tained by a practical dye test with madder, and it proved, indeed, an 
excellent mordant 

Investigations of Lieobti and Suida {lo) confirm this opinion. These 
authors prepared sulphate - acetates in accordance with the following 
equations * • — 


(1) Al 2 (S 04)8 + Pb(OsHa02)a » 2Al(S04)(0aH80a) + PbS 04 . 
j2) 2AIa(S04)8 + 3Pb(0aH80fl)2 -f NaaCOg -H H^O 

= 2AL,(S04)(CaH80a)^H) + SPbS 04 -i- NaaS 04 + COa- 

(3) Ala(S04)3 + Pb(0aH802)2 ■4- NaqCOa + B[a^ 

= 4i(S04)(CaH80a)a(OH)a + Pb804 -h NaaS 04 + COa* 

(4) Ala (3^4)8 2]^aoOOo + hTgO 

= Al3(S64)(CjftOa)(OH)g -J- 2Na2S04 + 200a. 


The normal sulphate-acetate, Al(SO4)(0QHgO2), does not dissociate when 
diluted with water, although, when heated, the basic sulphate-acetates are 
decomposed by both agencies, while increase in basicity lowers the dissociar 
tion pomt both on beating and on diluting. The precipitates are formed as 
jelly-like substances at temperatures from 89® to 40® 0. The precipitate of 
the normal sulphate - acetate redissolves on cooling the solution, that of 
Al2(S04)(02Hg02)80H partially ; whereas the precipitates formed by heating 
the more basic sulphate-acetates are permanent. All these sulphate-acetates — 
normal and basic — yield nearly the whole of their alumina to the fibre during 
mordanting, drying, and ageing ; and, therefore, m this respect they are much 
stronger mordants than the sulphates 

Ked Liquor. — The commercial solutions of acetates and sulphate-acetatea 
of aluminium are kno’wn in the trade as red liquor^ because they are pmployed 
by cotton dyers and calico printers as mordants for Alizarin reds. The com- 
position of the red liquors vanes greatly, and their value for different styles 
of work is better determined by practical tests than by analysis. They are 

* In these equations the water of crystallisation — IS equivalents for alnmininm 
sulphate, and 3 equivalents for lead acetate — have been omitted; they must be taken 
into account in oaloulatmg the proportions for practical purposes. 
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prepared by the double decomposition of normal aluminium sulphate and 
commercial acetate or pyroHgnite of lime, with or without addition of chalk 
or flodoj and have always a yellowish-brown appearance from the presence of 
empyreumatio substances; their strength vanes from 1 08 to 1'12 specific 
gravity. 

Lauber * gives the following proportions for the preparation of red Hquor : — 


I. 

189 kgs (180 lbs.) alum, 

161 kgs (161 lbs ) yellow sugar of 
lead, and 

460 litres (45 galls ) water. 


40 kgs. (40 Iba. ) oake-alum, 

60 kgs (60 lbs ) yellow sugar of lead, 
kgs. (1^ lbs ) ohalk, and 
90 htres (9 galls ) water 


Aluminium Chloride-Acetate, A 101 ( 03 H 802 ) 2 . — ^Liechti and Suida prepared 
a salt of this composition according to the following equation : — 

A 1 j(S 04 ), + 2Pb(OaH,Oa)a + BaCl^ = 2AlCl(02HjOa)a + 2 PbS 04 + BaSO^. 

They found that this salt does not dissociate either on heating or on 
dilutmg, and yields to the cotton fibre by steeping, drying, and agemg the 
remarkably low amount of 3 ’26 per cent, alumina. 

Aluminium Nitrate-Acetate, Al^NO^) (032^802)2, is obtained by double 
decomposition of alumimum sulphate with the acetate and nitrate of calcium 
or lead, and is used as a mordant for calico-prmtmg and silk dyeing. It is 
valuable for the production of fine steam Alizarm reds, since it is very gradually 
dissociated on steaming. 

Aluminium Oxalate, Al2(0204)8 (?)• — Aluminium oxalate in the pure state 
has not been prepared. 

Alumimum hydroxide dissolves in oxalic acid; the solution yields, on 
evaporating, an amorphous, deliquescent mass. The solutions of aluminium 
s^ts^ are not precipitated by oxalic acid or its salts Alummium oxalate, 
obtained by dissolvmg the hydroxide in oxalic acid, is limited m its use to 
certam steam colours for calico-printing. If oxalic acid is used in mordanting 
wool ^th aluminium sulphate, the oxalate is formed to some extent, and takes 
part m the mooting process. The oxalate itself, however, is not used in 
wool or silk dyeing. Begardmg the behaviour of aluminium oxalate as a wool- 
mordant (see pp. 236 and 237 ). 

Aluminium Tartrate. This salt has not been prepared yet in the pure state, 
although It IS a very important substance in wool dyemg, being formed by the 
do^le decomposition of aluimnium sulphate and acid potassium tartrate 
(tartar) m tiie mordantmg bath (see pp 236 and 237 ). 

Alu^im hydroxide, dissolved in tartano acid, is also used in a few steam 
colours m cahco-prmtmg. 


APPLICATION OF THE ALUMINIUM SALTS TO 
THE TEXTILE FIBRES. 

Alummum snlphate and alum are often used as mild aoidifvme agents 
mstead of sulphimo acid, m the dye-bath-a </,, m theXeing Hue 

on cotton and of amd colours on wooL If so employS® 1 ?ev “ot be 
considered as mordants m most cases, none nf tVioiV a cannot be 

parts of the ultimate colour. ^ constituents beoommg 

Aluminium salts render the textile fibres ^ater-repeUent, and are there- 

empkf^ aI?Se^° 4 rr^ 1 ™^!y pure 

lonnal or basic acetate and dried. IMl^re generaUy the^faffio is treated^ for 

* Sandbuch dea Zeugdrucka. 
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some hours in a warm solution of aluminium acetate 8* to 10® Tw., and aul 
-sequently passed through a soap solution containing 60 to 76 grms soap pe 
litre (8 to 12 ozs. per gallon) and heated to about 46% after this the goods ar 
well dried m a hot drying chamber and finally calendered, which presses th 
fibre together and thus assists the watex-proofiiig. Such substances as Japai 
wax, gums, oils, pai’aflin, <feo , aro frequently added to the soap-bath to giv 
a better water-repellent resistance to the fabric. 

Application to Cotton and Linen — (1) Aluminium Sulphate tmd Alwm,— 
Normal aluminium sulphate and alum yield but very little alumina to the fibr 
(13 per cent, according to Liechhi and Suidn, see p. 226) They are used fo 
the mordanting of cotton in exceptional cases only, as, for instance, when j 
dyestuff of great tinctorial power is used. The cotton is impregnated witl 
^ solution of alum, wrung, passed without washing through a solution 0 
sodium carbonate at 60® to 60" C. for twenty mmutes, and thoroughly washec 
m water Use for 10 kgs. (10 lbs.) cotton, 1 kg (1 lb ) alum, and 4 kg. (^ lb 
■^soda crystals in 200 litres (20 g^.) water. Methyl violet yields on tin 
mordant brighter, though less fast, shades than on tannm and antimony. 

The basic salts are usuiilly employed for the mordanting of cottoi 
with aluminium sulphate. Tlie basic sulphate correspondmg to the formul 
Al(SOJ(OH) is OTepared by dissolving 2 kgs. (6 lbs.) pure aluminium sulphat 
(Al2(SOjg + ISHjO) in 10 litres (3 galls.) water, and adding gradually a coL 
solution of 330 grms. (1 lb.) soda ash (68") in 2J litres (3 quarts) watei 
Durmg the mixing the mass is vigorously agitat^ by stirring, and fresl 
portions of soda are added only after the precipitate first formed has vi 
dissolved. The solution is dilut^ to about 10® to 12" Tw. To obtain th 
compound free from other salts, the aluminium sulphate can be oomple'tel 
precipitated as the hydroxide, washed, and redissolved in diluted .sulphuri 
acid ; for 2 kgs. (10 lbs ) aluminium sulphate, 1 kg. (6 lbs ) soda ash (58"), ant 
600 grms. (3 lbs.) sulphuric acid (^168® Tw) are necessary. In case th 
alum-cake should cont^ more or less than 61 *36 per cent Al2(SOJu — a 
demanded by the formula ^13(804)3 -f- ISHgO — more or less is used to obtaii 
exactly the same product; if it contains an excess of sulphuric acid 1 
correspondingly larger amount of soda ash is employed. 

According to Henri Schmid, the salts, Al2S04(0H)^ and Al4(S04)8(0H)f 
and the salts lying between these two, are chiefly used for mordanting , the; 
are made stable enough by addition of sodium- or magnesium sulphate, anc 
then readily decompose m the fibre so as to be fixed either by drying or b; 
chewcal agents (chalking or dunging). 

Two essentially different methods are employed in mordanting cotton witl 
basic aluminium sulphate : — 

(1) The material is impregnated directly with the mordant and the latte 
fixed by other chemicals or by agemg. 

(2) The material is first impregnated with a substance which attracts th 
basic sulphate and forma an insoluble compound with alumu;ia (oil mordantt 
tannic acid), or which deposits alumma m an insoluble form in the fibre b 
double decomposition (stannate of soda); after this treatment follows th 
mordanting with basic alumimum sulphate or alum; a further fixing of th 
alumma mordant is sometimes necessary. 

Direct Morda/nting vntk Baaio Alvmvnivm Sulphate , — The cotton is turne 
for some time in the above-desenbed solution of the basic sulphate and left i 
the bath for three to five hours, wrung, and dried More alumma is fixed i 
the impregnatmg of the material with the mordant is followed by ageing. Th 
Vegetable fibre, however, is liable to be weakened by the free acid or acid salt 
of aluminium which are formed thereby. Loose cotton or cotton yam wouk 
besides, give uneven shades through unequal drpng, and, consequently 
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unequal decompositiorL of the basic salt. For these reasons, it is preferable 
to impregnate the goods with basic sulphate and to pass them subsequently 
through the solution of a salt which is capable of fixing the aJumma on the 
fibre, either by precipitating it in the free state or by combining with it in the 
form of an insoluble salt (s.p., arsenate of soda). A great number of fixing 
agents have been referred to on previous pages and are actually used under 
different conditions. The material which bias been impregnated with the basic 
alumimum sulphate is wrung out, dried at a low temperature, and worked for 
half an hour in the lukewarm fijong bath After a thorough washing it is 
ready for dyeing The fixing liquor is prepared so that each litre (10 galls.) 
shall contain 5 to 10 grms. (J to 1 lb) of either of the following salts: — 
Arsenate, phosphate, or silicate (100" Tw.) of soda, sodium carbonate, 
ammonium carbonate, or chalk ; of ammoma liquor about 50 grms. per htre 
(J lb per gallon) are used 5 a soap solution containing 1 per cent, neutral 
soap IS also sometimes employed; the apphcation of cow -dung has been 
previously explained under Ammom/um Carbonate, 

Mordcmtmg with Basic Alumvnivm Sulphate after Previous Impregnation of 
the Cotton vnih other Substances — The process of mordantmg cotton with olive 
oil or sulphated oil, also with tannic acid, and subsequently with basic sulphate 
of aluminium is employed, notably m Turkey-red dyemg, and will be fully 
described under that heading. 

For other colours, the cotton is impregnated with a solution of about 
100 grms. neutrahsed Turkey-red oil per htre (1 lb. per gallon), wrung or 
squeezed, dried m a stove, and worked for half an hour in the previously 
described solution of basic ^uminium sulphate (10" to 12° Tw ) ; after this the 
cotton IS washed m water and passed through a weak soap-bath (1 part of soap 
in 1,000 pSiTts of water) to fix the alumina thoroughly and to remove all excess 
of mordant A final thorough rinsing m ater makes the material ready for 
dyeing. In place of Turkey-red oil an equal amount of neutral soap may be 
employed. Tannic acid is used in a similar way 

For certam colours, especially the Eosms, cotton is steeped in a tepid solu- 
tion of stannate of soda for two to three hours, wrung evenly, steeped for two 
to ihree hours m partially neutralised alum, wrung again, and dyed without 
washing. For 10 kgs. (10 lbs ) of cotton, \ kg (ij^ lb ) stannate of soda, ^ kg, 
(J lb ) alum, and 100 grms ( 1 J ozs ) soda crystals are used 

The compos%t%on the mordant which %s retained by the fibre varies with 
the different fixing processes In almost every case aluminium hydroxide is 
formed either by mere dissociation of the alumimum salt, or by decomposition 
of the same with ammonia, or with sodium or ammomum carbonate, or with 
chalk, (kc. In addition, arsenate and phosphate of soda generate more or less 
alumimum arsenate and phosphate ; soap produces stearate, palmitate, or oleate 
of alummium ; whereas sihcate of soda forms the hydroxide only. If the 
material was prepared with tannic acid, oil or soap, tannate, <fec , of alumimum 
is formed , the mordanting with stannate and alum produces only stannic 
hydrate and aluminium hydroxide In case a basic sulphate is fixed ex- 
clusively by ageing, very basic sulphates are formed, which, liemg insoluble 
in water, are retained, together with the hydroxide, while the neutral sulphate 
and free acid, which were formed by dissociation through ageing, are removed 
by washmg It is, however, more usual to pass the goods after the ageing 
through some fixing bath — e g , chalk or phosphate — which remove probably 
the whole amount of the sulphuric acid 

( 2 ) Alumvniura Acetate and Sulphate-Acetate, Red Liquor, — ^These mordants 
are not extensively used by the ordinary cotton dyer, since they are more 
costly than the basic sulphates, and possess no advantage over these in the 
general methods of fixing by precipitation. They can, however, be employed 
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exactly like the basic sulphates, and are frequently used by Turkey-red dyej 
to replace the sulphates entirely or in part Goods which have been ir 
pregnated with the acetates and sulphate-acetates must not be dried at hig 
temperatures, since these compounds are most readily dissociated on the fib] 
by heat, when acetic acid escapes and the base remains on the fibre m a fon 
which renders it less capable of combining with the colounng matter in ti 
subsequent dye-bath , poor and irregular colours would thus result. This fat 
may be due to the generation of aluminium oxide instead of the hydroxide, a 
shown by either of the following equations . — 


(1) 2Al{C^EjfiX + SHaO = Al^O, -f- 

(2) 2Al(C2H803)a(OT) + HgO = AlJOs + 40^0^. 


Another explanation is that a basic acetate or a less hydrated aluminiui 
hydroxide is formed, neither of which forms colour lakes. Mordants that hav 
been spoiled by overheating are said to have been ‘‘ burned.” 

In the ordinary course of treatment the mordanted goods are not alwaj 
passed directly i^to the fixing bath, but are first subjected to the so-calle 
ageing process^ which has already been mentioned several times. The agein 
consists m exposing the mordant in the fibre to -the action of warm and moh 
air. In the case of aluminium acetate, the object of the ageing process is t 
decompose the salt, and to deposit the base m the hydrated form m the fibr< 
the acid being partially or wholly volatihsed . — 


Al(CaHaOs)8 + 3HaO = A1(0H)8 + SC 2 H 40 a. 

Aluminium acetates in which a part of the acetic acid has been replace 
by other acids, especially sulphuric acid, yield ri(ier colours by the agein 
process than the pure acetate, the latter being probably decomposed to 
rapidly. Aluminium sulphate-acetate, Al2(S0J(CA30o)80H, seems to giv 
the most satisfactory results, and to yield nearly ihe whole of its alumimui 
to the fibre. In this case, as with Wsio aluminium sulphate, a very basi 
alumimmn sulphate in an insoluble state is fixed together with aluminiui 
hydroxide. A similar salt seems to be fixed, if an alumimum acetate whic 
contains another soluble sulphate is subjected to agemg. 

With the chemical fixing agents like ammonia, arsenate of soda, ckc., th 
red liquor mordants yield the same products as the sulphates of alumina. 

The acetates and sulphate-acetates of aluminium are principally employe 
by calico-printers. The acetates are used in steam colours when dyestuff an 
mordant are printed on the cloth together in the form of a mechanical mixture 
and the colour is “ developed ” on or m the cloth by “ steammg , ” the norma 
acetate is generally used, and acetic acid in the free state is added to th 
colours to prevent a premature decomposition of the mordant. The sulphate 
acetates are employed when the cloth is first mordanted, and then subjected t 
the ageing process, the dyeing process following. 

Certain basic colours, especially Victoria blue and Night blue, are dyed i 
conjunction with alummium acetate on cotton which has been previousl 
mordanted with tannm and antimony. During the gradual raismg of th 
temperature the acetate is dissociated in the fibre, and the hydroxide m th 
nascent state attracts some of the colouring matter 

The other aluminium salts are not frequently used as mordants on cottor 
They have been fully described before. As to alummate of soda, see p. 222 
Application to Jute. — Jute, as a rule, is dyed without mordants. Alumimui 
sulphate and alum are used as acidifymg agents for the dyeing with acid dy€ 
stuffg m the same way as in wool dyeing. In many cases, either of the tw 
salts IS added to the dye-bath, together with, or without acetic, tartaric, 0 
sulphuric acid. 'For some colours jute is boiled in alum solution, and passe 
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through caxbonate of soda before dyeing. This is sometimes done for certain 
azo-colours, bVft Scarlet 3 B, which are too easily soluble in an acid bath to 
dye well. 

Application to WooL — ^Wool essentially differs from cotton in its behaviour 
towards the aluminium salts, and is mordanted in a totally different way. 
The investigations of Liechti and Scshwitzer* have thrown much valuable light 
on the reactions which take place in mordanting wool. 

Experiments have shown that wool takes up sulphuric and hydrochloric 
acid in the free state, retaming them with such force that they are only 
imperfectly removed by repeated boiling out with water. 

In a similar manner salts are token up. The wool fibre possesses both 
basic and acid character, and seems to dissociate the salts by combmmg both 
with the acid and with the base, the base being taken up either m the free 
state or in the form of a basic salt. This reaction takes place most completely 
at the boiling pomt. Aluminium sulphate, for mstance, is most readily decom- 
posed by the wool fibre into basic sulphates and free acid, especially at or near 
the boiling temperature The alumma which is thus taken up is retained in 
an insoluble form with considerable force by the fibre , no fixing agents are 
required, as is the case with cotton j the fixation takes place simultaneously 
with the impregnation in the mordanting bath under the influence of the 
elevated temperature. The basic salts, wmch are fixed on the fibre, undergo 
a further decomposition by washing with water ; they lose acid, and become 
more basic, while the acid is removed by the wash water. 

The wool fibre attracts, also, finely-divided precipitates from liquids, and 
retains them with great energy. This power of attraction is comparatively 
weak in cold liquids, but it increases with the temperature, so that considerable 
amounts of suci precipitates can be attached to the wool by prolonged boiling, 
although not fast enough to resist washing and rubbing. By the action of the 
wool fibre on aluminium sulphate, a precipitate of basic aluminium sulphate 
may be produced and boiled on to the wool fast enough to resist washing with 
water, although it is only mechanically fixed on the surface of the fibre 
These superficially fixed mordants produce in dyeing colour lakes, which 
adhere still more loosely to the surface of the fibre, and possess in a high 
degree the defect of rubbing. 

On the contrary, mordants which have entered into an intimate combina- 
tion with the substance of the fibre are less hable to produce colour lakes 
which rub off. To attain this end the mordantmg salt must possess a certain 
resistance to the dissociating action of the wool, so as to allow of its penetrat- 
ing into the interior of the fibre before it is decomposed and fixed, and of the 
dissociation and absorption taking place simultaneously, without the inter- 
mediate formation of a precipitate in the liquor, which might be attracted and 
mechanically fixed by the wool. 

Taken as a whole, the salts of oxalic and tartaric acid fulfil these conditions 
best— a fact that remmds us of the property of the non-volatile organic acids to 
impede the precipitation of aluminium hydroxide by alkalies or other agents. 

On the other hand, the basic aluminium sulphates are entirely unsuitable 
for the mordanting of wool, because they dissociate before they are taken up 
by this fibre. 

Xiechti and Schwitzer have compared the action of euVphaie^ oxalate^ and 
iaTtTate of aZufifiw,iwni w Tfiorda/nt^^, They prepared solutions of aluminium 
oxalate, and of aluminium tartrate, Al2(0.H40^)3, by dissolving 2 

equivalents of alum ini um hydroxide, Al(OH)3, ^ ^ equivalents of oxalic 
and tartaric acid respeotively. If wool is boiled in a solution of n/yirmal 
cdumvaium sulphate the bath becomes exhausted if less than 6 per cent, 
• JounL Soc. Dyers and Col , 1886, p. 161, 
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sulphate (of the weight of the wool) is used. Larger amounts leave increasing 
proportions in the liquor. The mordanting baths become turbid on boiling by 
separating an insoluble basic aluminium sdt A part of the precipitate thua 
formed becomes mechanically fixed, and is removed on washing, the wash 
waters being turbid; a part remains in the mordanting hquor. The wool 
which has been mordanted gives an acid wash water on treatment with boiluig 
water — ^thus proving that the aluminium sulphate has been decomposed^ 
and that not merely alumina but free acid has been extracted from the 
mordanting bath If 8 ulph.t/nc acid w added to the Tmrdamtvng hath^ the 
decomposition of the mordant is less rapid, and it is better fixed than when the 
normal sulphate is used alone Comparatively large quantities of sulphuric 
acid are necessary — ^more than 3 equivalents H3SO4 of the sulphate, Alg(S04)3^ 
and the effect of the acid decreases with an inci easing dilution of the bath. 

Alwm is a somewhat less efficient mordant than aluminium sulphate ; this 
is evidently due to the dissociating effect which is exerted by the alkaline 
sulphates present in the former salt 

Normal olumvmu^ oxalate^ -^^2(^2^4)8» almost completely taken up fiom the 
mordanting bath A smaller amount of precipitate remains in the liquor, and 
leas can be removed from the wool than m the case of mordanting with the 
normal sulphate The wool, on treatment with boiling water, gives, in this 
case also, an acid wash water 

Normal alummyiim ta/rtrcde^ if used as the wool mordant, 

leaves scarcely any precipitate in Ihe bath, and does not give up any to the 
wash water. On treatment with hot water, the wool imparts also to the latter 
on acid reaction. Boihng water does not remove the mordant proper 
Wool which had been boiled out several times with distiUed water after 
mordanting, gave, on dyeing with Ahzarm, more brilliant and fuller coloui*a 
than wool which had been simply nnsed in water. 

The normal tartrate can be replaced, with excellent results, by a mixture 
of 1 equivalent of aluminium sulphate and 3 equivalents of tartar (acid 
potassium tartrate) — Al«(SOpg + = A12(0^1B.^Oq)^ + SKHSO^, 

In this case, as shown by the equation, a mixture of normal aluminium 
tartrate and acid potassium sulphate is formed. 

If the normal tartrate is prepared by double decomposition— fl.g , with nor- 
mal potasaium-sodium tartrate (Rochelle salt), as in the following equation — 

2AL](S04)3 + 6(KNaO4H4O0) = 2AJ|](G4S40g)3 + 3EL3SO4 + 3 N&^ 04 t 

the results obtained are not as good as those with the pure tartrate or with 
the mixture produced with tartar These facts lead to the conclusion that 
the tartrate is similar to other aluminium salts, and is more rapidly dissociated 
in the presence of alkaline sulphates than in the pure state ; and that in the 
cose of a mixture of aluminium sulphate and tartar being used, the acid 
sulphate prevents a prematuie dissociation. 

An examination of the spent mordant- and dye-baths shows that the 
mordanting is most perfect in the case of Ihe tartrate, the whole of the 
alumina being fixed m a peimanent manner. 

It appears that not only the hydroxides but also true basic aluminiun: 
salts are deposited by the mordanting process in the fibre, as on dyeing the 
well- washed wool with Alizarin, the spent dye liquors invariably show an acic 
reaction. 

These theoretical considerations and experiments are m perfect harmonj 
with practical experience 

Basic aluminium sulphates are not used as wool mordants, neither are th< 
acetates nor sulphate-acetates, as they dissociate too rapidly and give poo 
results. By depositing too much of the mordant on the surface, they raaki 
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the vool harsh and give rise to uneven dyeing and rubbing. Thiocyanate of 
aluTnimum, whioh is not as sensitive as the acetates, is a very good wool 
mordant j but its general emplo 3 raient is prevented by its high price. 

The aluminium mordant pcvr excellmoe for wool is aluminium sulphate, 
either alone or m conjunction with acids or acid salts In some cases the 
sulphate is used without any additions Moat generally, however, a mixture 
of the sulphate with tartar or tartar substitutes is required to obtain full and 
brilliant colours which do not rub off These tartar substitutes are mostly 
sodium bisulphate or oxalates, or they consist of tartar which has been 
prepared wiih au£S.cient sulphuric acid to convert all the potassium mto 
pot^sium sulphate (see p. 164). From the foregoing it appears that none 
of these “substitutes'^ can replace the tartar completely, because the action 
of the latter emends on the formation of alumvnium tojrtraie hy double 
deocm^osition- They have, of course, some effect, as has also sulphuric acid. 
For a full shade about 6 to 8 per cent alumimum sulphate and 6 to 7 per 
cent, tartar (of the weight of the wool) are necessary. The quantity of tartar 
may be reduced to about half this amount, or it may be partly or even wholly 
replaced by sulphuno, hydrochlonc, oxalic acid, bisulphate of sodium, &c , with 
very good, although not equally fine, results. About 4 per cent, of sulphuno 
acid (of the weight of the wool) is used, if the amount of water does not exceed 
60 to 60 times the weight of the wool j otherwise more acid must be applied. 
When sulphuric acid has been used m mordanting, it is often beneficial to add 
about 5 per cent sodium acetate to the ultimate dye-bath to neutralise the 
mineral acid which always remains in the wool fibre (and which otherwise 
would be converted into potassium sulphate if tartar had been employed). 
The mordanting bath is prepared with ^e necessary quantities of aluminium 
sulphate and tartar (or its substitutes), and the wool is entered at a low 
temperature. During one to one and a-half hours the bath is heated gradually 
to boilmg, and boiled for half an hour more. When the bath has cooled down 
the wool is taken out and thoroughly washed in water ; boilmg out with water 
is beneficial. It has been shown that washing is absolutely necessary to 
remove all loosely adhering mordants and to prevent rubbmg of the ultimate 
colour. The wash in g, moreover, removes some of ^e acid, which is absorbed 
by the wool, and would be injurious in dyemg 

The washed wool is ready for dyeing , it should not be allowed to dry, as 
it IS then very difficult to wet out again. 

Application to Silk. — The theory of the mordantmg of silk with primary 
metalhc mordants — e by the unassisted action of metallic mordants — due to 
the affinity of fibre to mordant has been very thoroughly investigated by a 
long series of expenments by P. Heermann He leans to the theory that the 
fibre acts catalytically, but considers that when the electro-chemical theories 
shall have become more developed, a more satisfactory explanation will be 
found m them.* 

Snk dyers do not often use aluminium mordants ; in the first place, they 
employ chiefly direct colours — ^e, colours that do not require mordants — 
and in addition the alumina causes the fibre to lose some of its lustre and 
pliability. 

The mordanting takes place at, or a little above, the ordinary temperature, 
to prevent the silk from losing its gloss and feel by the action of the mordant ; 
this makes it necessary to use aluminium salts which dissociate readily. In 
silk dyeing, alum has not been replaced yet by aluminium sulphate, probably 
owing to Sie circumstance that slightly basic alum decomposes more readily 
than basic sulphate on account of the ammonium or potassium sulphate present 
in the former. The basic alum-bath may be prepared in the following manner; 

* Joura, Soc. Dyera a/nd Col,, 1903-1906. 
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—10 parts of alum are dissolved together with 1 part of soda crystals i 
sufficient water for complete solution (about 150 parts), and the liquor 
gently heated until the precipitate first formed has completely disappearec 
"For every 10 lbs. of alum J oz. of tin crystals may be added. Aluminiui 
sulphate-acetate and nitrate^oetate are used in a similar way. The silk 
thoroughly wetted out, wrung evenly, and passed into the mordanting bat! 
It is turned a short time without heating and then allowed to soak in tt 
liquid for 12 hours. After this it is wrung and washed m water or, preferabb 
passed first through a solution of silicate of soda (1® Tw.) to fix ihe alumina 
instead of the sihcate a soap-bath may be employed. The silk is finally washe 
in water to remove all excess of mordant and fixing agent, and is then read 
for dyeing. It should not be allowed to dry after mordantmg, smce it 
afterwards difficult to wet out agam and acquires an unpleasant feel. 

Durmg the steeping process the silk absorbs basic sulphates or basi 
sulphate-acetates, or nitrate-acetates. By the subsequent treatment wit 
water or sihcate of soda or soap the basic salts are decomposed and aluminiui 
hydroxide is precipitated in the fibre. On account of all solutions being use 
cold gelatinous hydroxide is formed, and this is less liable to exert an mjurioi] 
effect on the silk than the more crystalline hydrate which is formed at highe 
temperatures. 

The composition of the mordantmg baths remains faudy constant, and the 
may be used contmuoualy if they are freshened up each time. 

The following method was recommended by H. Lange as giving very goo 
results — 10 parts of alum and 4 parts of sodium thiosulphate are dissolved 1 
100 parts of water and the silk is treated in this solution for three hours, th 
bath being heated duiung the first hour to 40“, during the second hour to 60 
and durmg the third hour to 80“ 0 j the silk is then nnsed and dyed 


GHROMIIIJM, Or = 52*1. 

Chromium is a trivalent metal, the symbol and atomic weight of which ai 
Or and 62 1 respectively. It is of no practical interest as a metal The ohi( 
ore from which most of the chromium compounds are obtained is chrome iro 
ore, FeO, CrgOg Compounds of chromium are largely used, on account < 
their inherent colour, as pigments m painting and printmg , they form, als- 
the ohromogenous substance of chrome-yellow and chrome-orange m dyeiu 
proper As mordants they are of the highest value, and, finally, the bichri 
mates are very important oxidising agents, both in the laboratory and in tl 
arts — e.g., m the manufacture of Alizarin. 

The formulae of the derivatives of chromic oxide, like those of tl 
alummium compounds, are usually written with two atoms of chromium- 
<3 g-i Cr 2 (OH)- instead of Or(OH) 3 , and CrgClg instead of CrClg, because it wj 
also believed that chromium was quadrivalent and acted as a hexavalei 
double atom, = =Cr — Cr = 

Chromium forms three different compounds with oxygen : — 

1. Chromium monoxide, OrO. 

2. Chromic oxide, CrgO- 

3. Chromium trioxide, CrOg 

Chromium monoxide has scientific mterest only. 

Chiomic Oxide or Chromium Sesquioxlde, CkgOg — Chromic oxide is formt 
as a green amorphous powder, or very dark green hexagonal crysfcals 1 
heatmg chromic hydroxide or ammonium bichromate } it is not readily soluh 
in acidL 
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Chromio oxide is used as a green pigment under the name of chrome-green. 

Chromic Hydroxide Or(OH)g or Cr 2 (OH)g — Chromic Hydrate, Chrom%vm- 
Hyd/ro 7 yyde — Giromic hydroxide is obtained by the addition of ammonia to* 
solutions of chromium salts — 

0,(804)3 + 6NH, + 6HsO = 2Cr(OH)3 + 3(Nfl4)2S04. 

Caustic potash or soda and the alkaline carbonates act in the same manner ; 
the carbonates form bMio carbonate of chromium. 

The normal colour of chromium hydroxide is green, and its composition 
is OPs + ^HgO, or Or(OH)g + H 3 O.* The chromio hydrates precipitated 
by a quantily of alkali insufficient to precipitate the whole amount present 
ai'e always of a green colour; if the reagent is in excess, the precipitate is 
violet-blue. A violet precipitate can be transformed into a green through 
the loss of water. On adding ammonia to cold solutions of chromium salts, 
a dark green gelatinous substance is formed, while in precipitating boiling 
solutions a light green powder is obtamed which is very difficultly soluble 
m acetic, sulphurous, and other acids. By drying the precipitate at 100“ C,, 
it becomes greyish-black, and has the constant composition Or(OH)o -H HoO, 
or Or^Og + 6 H 2 O. 

Sugar, oxahc, citric, and 'tartaric acids more or less impede the precipita- 
tion, and sometimes redissolve the precipitates on standing, forming violet 
solutions The precipitate partly dissolves in an excess of ammonia, with a 
pale violet colour , on boilmg, the precipitation is complete. In caustic potash 
or soda the precipitate dissolves with an emerald-green colour, but is com- 
pletely thrown down by contmued boihng, the supernatant hquor becoming 
decolourised. According to A Hecouraf chromium hydroxide is gradually 
dehydrated by the action of caustic soda, and is finally converted into chromio 
oxide, insoluble in acids. The solution is also precipitated by ammonium 
chloride The hydroxide is but sparingly soluble in solutions or the alkaline 
carbonates When precipitated m the presence of a magnesium compound, 
chromium hydroxide, like aluminium hydroxide, does not redissolve readily 
(see p 222 ). 

Chromium hydroxide, on being heated to 200 “ 0. in a current of hydrogen, 
is changed to the hydroxide^ OrO(OH), and, on further heating forms chromio 
oxide 

The fine pi^ent, Guignefs greefi^ is the dh/romium hyd/roxide^ OroO(OH) 4 , 
and is obtained by melting potassium bichromate with boracio acid It ie 
insoluble m water, and but slowly afGscted by boiling acids. 

By dialysis of a solution of chromium hydroxide in chromium chloride 
a soluble cArowwtwn hydroxide is formed, which contains for 66 equivalents of 
Or(OI[)a 1 eqmvalent of HOI {Graham), 

Chromic hydroxide strongly resembles aluminium hydroxide. It forms 
chromium scdta with acids, but acts towards caustic potash and soda as a very 
weak acid, forming therewith salts which are called chromites, 

Chro^tes. Potassium- and sodium-chromite are obtained by dissolvin^^ 
chromio hydroxide m three equivalents of caustic lye ® 

Ct(0H)s + 3NaOH = Cr(ONa)s + 3H,0 

The alkdine chromites have not been prepared m the solid state The 
affinity of the alkahes for chromium hydroxide is weaker than that which they 
evince for aluminium hydroxide.^ AH acids (even carbon dioxide) and am- 
monium salts decompose the solutions of alkahne chromites. Moreover, these 
solutions are slowly dissociated, if free from an excess of caustic alkah If a 

* Pnidhomme, J oum Soc Dyers and Cd. , 1890, p 147 
t Comptes rendua, 1895, cix , p. 1335 
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textile fibre is present the decomposition is effected more rapidly, owing 
apparently to the fibre, &o., exercising a catalytic action Boilmg at once 
precipitates chromium hydrate. In aU cases chromic hydroxide is precipitated 
which does not readily redissolve on adding an excess of caustic soda. 

Ohromio hydroxide m its alkaline solution has the curious property of 
dissolving other metalhc oxides, such as the ferric and the cupnc oxides 
Feme oxide dissolves readily, and the brown solution remams clear for weeks 
without any precipitate forming. The alkalme solution of chromic and cupnc 
oxide is blue ; on heatmg to incipient boiling, red cuprous oxide is precipitated 
and sodium chromate formed. 

Sodium Chromite. — H. Koeohlin’s Alkaline Chrome Mordomt (see p. 261). 

Chrommm- or Chromic Salts. — ^The salts in which chromium acts as a base 
have a green or a violet colour Some of them dissolve m water, and most of 
them in hydroohlono acid ; those which are soluble in water have a disagree- 
able astringent taste and an acid reaction (as shown by their reddening blue 
litmus). The solutions have a fine dark-green or dark-violet colour , on heatmg 
them to over 66" 0. the latter colour passes into the former, but returns, sooner 
or later, on cooling Only the violet solutions yield crystallme salts, whereaa 
the green solutions deposit amorphous compounds when evaporated. The 
former contam normal salts, while the latter are beheved to be mixtures of 
acid and basic salts. The behaviour of the chromium salts to carbon dioxide, 
sulphuretted hydrogen, and ammonium sulphide ls like that of the aluminium 
Bfllt3s. Their reactions with the alkahes have already been referred to in the 
desciiption of the hydroxide. On the whole, the chromium salts are more 
stable than the aluminium salts, and for this reason they are not so easily 
fixed on the cotton fibre as the latter. 

Liechti and Schwitzer* found that normal chromium salts are not dis- 
sociated either by heat or by dilution with water. The basic chromium salts 
are less easily decomposed than the corresponding aluminium compounds, but 
the more readily, the greater the basicity of the salt is. The quantity of 
chromium retained by the fibre during the consecutive processes of mordanting, 
drying, and ageing increases also with the basicity of the mordant; the strongly 
basic sulphates yield apparently the greatest quantity to the cotton fibre, &it 
not as much as the aluminium mordants. The influence of other salts present 
in the mordanting solution appears doubtful m the hght of Liechti and 
Schwitzer*s experiments, which are somewhat discrepant. It seems, however, 
that such salts have an influence opposite to that which they exert on the 
aluminium salts — that is, they make the salts more stable. Freshly-prepared 
solutions of chromium salts resist dissociation more powerfully tnan those 
which have been kept for some tune 

Chromium Sulphate, Cr2(S0 J3. — This salt is obtained by dissolving chromium 
hydroxide in* sulphuric acid ; the solution, which is at first green, becomes blue 
after some weeks standing, and yields a crystalline greemsh-blue mass By 
repeated crystallisation from diluted alcohol, violet-blue regular octahedra 
(Cr2(S04)3 ISHgO) can be obtained The ordinary solutions of chromium 
sulphate are either violet or green; the violet solutions become green when 
boiled. Banum chloride throws down all the sulphuric acid from the violet 
solutions at the ordinary temperature , but only by prolonged boiling from 
the green solutions The solutions of chromium sulphate are precipitated 
on addition of caustic soda, ammonia, or the carbonates, phosphates, arsenates, 
and silicates of the alkalies. The precipitate dissolves in an excess of caustic 
soda, and in a great excess of ammonia, but is completely thrown down again 
on boiling 

Basic chromium sulphates may be prepared by dissolving chromium 
* JouTn, Soc, Okem, 1886, p. 686. 
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hydroxide in the solutions of the normal sulphate, or of chrome-alum, or 
by the addition of sodium hydroxide, <fec. 

They are less liable to decsomposition in the presence of sodium sulphate. 
The most basic salt that can be obtained by dissolving chromium hydroxide 
in chromium sulphate is that havmg the composition 0r(S04)(0H) ; whereas, 
by neutralismg with sodium carbonate, the ^t, 0r4(S04)3(0H)g, is formed, 
which decomposes spontaneously after standmg for three months Prom 
chrome-alum (i.e., in the presence of other sulphates) a still more basic salt, 
0r3S04(0H)4, can be prepared with sodium carbonate, but not with chromium 
hydroxide (see below), 

Normal chromium sulphate is not decomposed either on heating or on 
diluting with water, nor by the combmed action of heat and dilution. The 
basic salts in concentrated solutions are not dissociated bjr boihng, but they 
are by diluting with water and by dilution and heat acting together. The 
more basic they are the more rea^y they are decomposed. The exact data 
as to dissociation can be seen from the table given in connection with chrome- 
alum, 

Qhroinium sulphate is not used in the pure state, but, as chrome-alum, it is 
employed in the preparation of other chromium compounds. 

Chrome Alum, 0rgElg(S04)4 . 24H2O. — ^This salt is obtained in great quanti- 
ties as a bye-product m the manufacture of Alizarin, in which case it contains, 
notwithstanding its beautiful crystallisation, a considerable amount of impuri- 
ties, mcluding calcium sulphate, tarry organic matter, and free sulphuric acid. 
The pure salt may be prepared by reducmg potassium bichromate by means of 
starch, sugar, glycerin, alcohol, oxalic or sulphurous acid, or other reducing 
agents , the requisite amount of sulphuric acid must be added. The reaction 
is explained by the equation — 

K^OtjOy + 4H<|S04 + 3Hg = 0ri(S04)g -I- K 3 SO 4 + 7H]0, 

“When sulphur dioxide is used, the reaction is as follows . — 

KjCrA + HjS04 + 3 SOa = Cra(S04)s -I- K3SO4 -I- HgO. 

Por the preparation of pure chrome*alum dissolve 

2 kgB (2 Iba ) potassium bichromate m 
10 litres (1 gall ) water, odd 

3 kgs. (3 lbs.) sulphuric acid, 

heat to 36" 0., and add alcohol slowly, until a pure dark-green colour is 
obtained. The double sall^ Or3K;j(SO*)4 + 24H3O, la obtained from the liquor 
by oryatalhaation. 

Ohrome-alum crystallises in large dark-violet octabedra, which dissolve with 
a violet colour m cold water The solution becomes green on being heated to 
a^ve 65' 0. Chrome-alum la very soluble m water; 1 part of the salt 
^solves m 7 parts of cold and in 2 parts of hot water. It is msoluble 
in absolute alcohol 

Ohrome-olum contains 39-3 per cent, of Orj(S04)3 = 15-3 per cent of Cr„0,. 
^e^uivaimt of ^e salt may, for all practical purposes, be considered to be 
1,000 instead of 998 9. 

Kie behaviour of chrom^lum towards barium chloride is like that of 
chromium sidphato The basic salts obtained fi’om chrome-alum are less prone 
to dissMiation than those prepared from the pure sulphate. The results 
obtained by laechti and Schwitzer in their study of the dissociation of 
chromium sulphates are stated m the following table. They worked with 
solutions equivalent to 226 grma. of crystallised ohrome-alum per litre he 
equivalent to 160 grma. of crystalhsed aluminium sulphate). 
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Cotton was mordanted with the solutions, and aged ; the fifth csolnmn 
the table shows the percentage of chromic oxide fixed thereby, calculated 
the amount offered to the fibre by impregnating. The first column gives i 
composition of the sulphate; the second the mode of its preparation (fr< 
which the amount of potassium or sodium sulphate present can be seen) ; i 
third column states the relative dilution which effects dissociation ; while i 
fourth shows the degree of the dilution by which the salts are decomposed 
boilmg. As stated before, the normal or basic chromium sulphates are i 
dissociated (by boiling) m a solution of the indicated strength, either m i 
presence or absence of alkaline sulphates. 

Table shotvi/ng the chsaociaiion of ChroTmvm Salta m a aohition equivalen 
to 225 grma. of cryatalliaed Ohrome<dum p&r liPre, 


OompoBltlon 

Origin of Balt. 

nisBociated by 
Gold Dilation 

DlBBOoiated by 
BoUing Dilution 

PerOent. OrsC 
retained by tb 
Ootton Fibre 

1 Crj(S 04 ),. 

Pure sulphate. 

Not diasooiated. 

Not dissociated. 

12 8 per oen 

2. Cr^lSO.);, 

Ohrome alum. 

Do., 

Do , 

18 „ 

3 Cr(S04)(0H). 

Pure sulphate 
and Cr(0H)s. 

10 fold. 

0 6 fold. 

28 0 „ 

4. Cr(S 04 )( 0 H). 

Pure sulphate 
and NoaCOs 
Chrome-alum 

6-6 

2 „ 

39-0 „ 

6. Cr(S 04 )( 0 H). 

86 „ 

10-6 

29-7 „ 

and Cr(OH)8. 
Chrome-alum 

86 „ 

12 „ 

7-6 „ 

6 Cr(S 04 )( 0 H). 

and IToijCOj. 



7. Cr4(S04),(0H),. 

Pure sulphate 
and NOaCOa 
Chrome-alum 

126 „ 

04 „ 

86*4 „ 

8 Cr 4 (S 04 ),( 0 H),. 

2 

0'26 „ 

43 0 „ 

and Or(OH)8. 
Chrome-Etlum 

16 „ 

2 6 

22‘8 „ 

9. Cr4(S04)3(0H), 

and NagGOa. 




10. Crj(S 04 )( 0 H) 4 . 

Chrome-alum 

1-6 „ 

0-6 

87-6 „ 


and Na^GOs. 


On the whole, this .table shows that a basic sulphate becomes more stable 
solution with increasing amounts of alkaline sulphates, whereas, with incret 
of basicity the sensitiveness of the sulphate towards dissociation becon 
greater. 

Chrome -alum is chiefly used for the preparation of other ohromii 
compounds, and finds application for the fixing of direct cotton colours. 

Chromium Chloride, OrOla or OrfJiQ — Ghrom%c Chloride . — Chromic chlori 
in the pure state is ol3tained as a subhmate, in beautiful violet crystals, 
passmg a current of chlorme gas over a red-hot mixture of chromic oxide a 
charcoal. These crystals do not dissolve readily m water unless a trace 
chromium dichlonde, OrClo, be present The solution yields green crystals 
the composition CrClg -H GHgO, which are deliquescent in the air. By dryi 
m the desiccator they form basic or oxychlorides, CrOlgOH and OrCl(OH) 2 , a 
finally hydroxide, Or(OH) 3 . On evaporatmg to dryness, the solution gives r 
to hydrochloric acid and basic chlorides 

The commercial article is obtained by the double decomposition of chror 
alum or chromium sulphate with calcium chloride, or by dissolvmg chromii 
hydrate in hydrochloric acid, and is sold as a dark-green solution. Anotl 
method of prepanng chromium chloride is to heat bichromate, hydrochlo 
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acid, and treacle or molasses in suitable proportions. It is doubtful whether 

pure chloride 18 thus formed, the product probably contains some organic 


acid 


Basic chromic chloride, OrCl(OH);^ bas been inteodnced by the BadisAe 
Amlin- und Soda-Fabrik as a mordant for cotton and It ^ prepaied by 

saturatinff a solution of chromic chloride with chromic hydroxide, or by using 
an excess of hydroxide and filtering. The mordant is used on cotton and silk 
like the basic aluminium sulphates 


Chromi^ OrF3 + 4H,0-Thi8 salt was introduced m 1888 by G. 

Stein It comes into the market in the form of a green orystalhne powder, 
which corresponds to 42 per cent, of chromic oxide, CrgOg. The normal salt 
seems to be stable m aqueous solutions, and not to be tosooiated by heatog or 
diluting It is very soluble m cold and hot water, and forms a green solution. 
Since it a corroding action on glass and on most metals, it must be kept in 
wooden vessels, and leaden tubes should be used as steam pipes. Working in 
copper vessels is said, however, to be without seiious disadvantages. Additions 
of small quantities of chromic acid, chromates, or hydrogen peroxide to the 
mordanting bath protect the copper against the action of hydrofluoric acid. 
The best protection, however, is, according to A Kertess, to place some strips 
of zinc into the bath, the copper not being attacked as long as some zinc is 
present. Basic chromium fiuondes (oxyfluonde^ decompose on being evapo- 
rated, chromium hydroxide bemg separated Chromium fluoride has been 
recommended as a mordant both for vegetable and animal fibres.* The value 
depends upon the non-injunous action of the hberated hydrofluoric acid upon 
fibres and colours It is claimed that this salt can replace bichromate with 
advantage in wool dyeing, where the oxidising action of the latter is in- 
jurious — e g»i for chroming mdigo-dyed wool. In cotton dyeing, it is used 
for fixing certain direct cotton colours fast to washing, such as Diamme f^ 
red P, Diamine green G, and Diamine brown M. A mordantmg bath of 
chromium fluoride can be used continuously. 

Chromium Nitrate, Cr(N03)g or Cr2(^^3)6> ^ prepared by dissolving obromio 
hydroxide in nitnc acid, or hj the double decomposition of ohrome^um and 
lead acetate. By reducmg bichromate m the presence of nitnc instead of 
sulphuric acid, chromium nitrate is also produced. The salt crystallises with 
9 molecules of water of crystallisation in purplish-red cryat^, but these 
crystals are not easily obtained, as the solution generally yields an amoi^hous 
green mass. The article is sold as a blue solution, which appears red by 
transmitted light ; it is not extensively used. Basic salts are obtained from 
the solution by means of chromic hydroxide, soda^ &c Ghromium nitrates 
behave m the same way as the corresponding sulphates and chlorides Of the 
three kinds of salts, the sulphates seem to be the most stable, next come the 
chlorides, and then the nitrates, the last being tbe moat readily dissociated. 

Chromium nitrates, normal and basic, serve as mordants for cotton. In 
former years they were employed to produce a hght green shade on calico. 
The pieces were simply impregnated with the solution, and aged when the 
green colour of chromium hydroxide appeared j' ^ ’ 


prepared 


Chromium Chlorate, Ci^0108)g or Or^{ClOX.—This salt may be 

by the double decomposition of chrome-alum and barium chlorj 

solution is violet or green, according to the temperature at which it has been 
prepared. A certam amomt of barium sulphate always remains in solution, 
but IS precipitated by boiling the solution or by adding hydrochlono acid 

Chlorate of^ chromium evolves a distinct odour of chlorine, and when 
heated to 100 0, it gives off large quantities of chlorine, and becomes 

« , 1888 , p M. E !««., D,„ 
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transformed into a yellowish-red liquid containing chromio add and oxygei 
compounds of chlonne. The solution decomposes i 5 ter a few days. 

Chromium chlorate is a powerful oxidising agent. Prudhomme, wh< 
describes this salt (l,c ), has advantageously used a boiling solution of it fo] 
the purpose of making Aniline black ungreenable. 

Basic chromium chlorate is used in calico-printing to produce steam Catechi 
brown 


chronuum bisulphite — Cr(OH)3 + SHgSOg «= Cr(HS 08)8 + SHgO The same 
compound is formed when a solution of a chromium salt is mixed with « 
bisulphite — (>2(804)8 + GNoHSOg = 20r(HS08)3 + SNagSO^. For the pre 
paration of the substance a very strong solution of chrome-alum may be mixec 
with strong liquor of bisulphite of soda^ until the bluish-green colour haj 
changed to yellowish-green, an excess of bisulphite is advantageous Aft® 
a few days Glauber’s salt crystallises from the mixture. The solution, how 
ever, can be used immediately after being prepared. 

(Chromium bisulphite in solution yields on boiling a green precipitate whicl 
appears to be normal chromium sulphite, O2(S0g)g, or a basic salt. Geuthe 
gives it the formula Or^SgO^g + IBHgO. 

Prudhomme* stat^ that the solution of chromium hydrate in sodiun 
bisulphite liquor deposits after some time a green powder of ohromiun 
sulphite. 

Chromium bisulphite decomposes on the fibre by steaming or drying 
leavmg chromium hydroxide ; so that it is well adapted for mord^tmg cottoi 
piece goods. 

The pieces are padded m the solution, rolled up for two hours, and passec 
through Mather <fc Platt’s steamer (see AniLvne hlmli) Before padding, thi 
goods may be oiled. Instead of steaming they may be simply dried; bu 
m this case they are very difficult to wet After drying or steaming the] 
are well washed in water, or in soda, if it is desirable to remove with certamt] 
all sulphur dioxide from the fibre, t 

Chromium Sulpho cyanide or Thiocyanate, Cr(ONS )8 or (>2(01^8)8 — B] 
dissolving chromium hydroxide in hydrosulphocyanio acid a green -viole 
solution IS obtamed, which yields a dark-green amorphous and deliquescen 
salt of the composition, O( 0 NS) 8 . The commercial article is prepared by tb 
double decomposition of chrome-alum or chromium sulphate with barium 0 
calcium sulphocyanide. 

Basic sulphocyanides are obtained by adding chromium hydroxide, soda 
Ac, to the normal salt They possess great ste,bihty; the most basic salt 
Cr^(ONS)(OH)5, however, decomposes after some hours standmg Ohromiun 
Bulphocyamde forms crystalhne double salts with other sulphocyamdes — e,g 
potassium-chromium sulphocyanide, O( 0 NS )8 + 3 K(CN 8 ) + 4 HjO 

Solutions of the sulphocyanides do not dissociate either on heating or 01 
dilutmg with water, except m the case of very dilute solutions of the mor 
basic s^ts, which are decomposed on heating 

Sulphocyanides of chromium yield but small quantities of chromium to th 
cotton fibre by the operations of mordantinsr, drying, and ageing. Oompansoi 
with chrome-alum shows, according to Liechti and Sohwitzer, that this is 
much better cotton mord^t than the sulphocyanide. J 


* Joum, 80 c Dyera and Ocl,^ 1890, p. 148. 

+ K Kur, Joum Soc. Dyera and Ool , 1890, p 70, 

t Lauber [Jlandbuch dea Zevgdrucka) states, on the contrary, that chromium sulphc 
cyanide m print colours gives off the chromium with great ease and is an excellent mordanl 
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Sulphocyanide of chromium is used by calico-printers for the production 
E steam logwood blacks. It behaves in the same way as the corresponding 
Luminium ^t towards the fibre, not injuring the same. 

Ghrominm Phosphates. — dhromium hydroxide dissolves in solution of 
hosphorio add witii a green colour. Phosphate of soda precipitates normal 
bromium phosphate, OrPO^, from solutions of chromium salts as a green 
<ass, which becomes dark blue on drying. 

Chromium Arsenite was formerly produced on the fibre as a self-colour of a 
ght green shade ; cotton piece goods were padded with a chromium salt and 
assed through a solution of arsenite of soda. 

Chromium Acetate, 0r(02HaO2)8 or Cr2(02H802)e. — Normal chromium 
cetate is prepared by dissolving chromium hydroxide in the requisite 
mount of acetic acid; or by the double decomposition of chrome-alum or 
hromium sulphate and lead acetate or calcium acetate. The salt has been 
btamed as hexagonal tablets, having the composition Cr(C2Hg02)8 + HgO. 
Tie solution of chromium acetate is violet, and becomes greenish on bemg 
eated. It is not at qll subject to dissociation ; the salt can be evaporated to 
ryness and even heated without losing its solubility. The violet and green 
olutions of chromium acetate differ greatly in stability. The solutions are 
ot readily precipitated at the ordinary temperature on addition of caustic 
Ikahes, alkaline carbonates, phosphates and sfiicates, ammomacal soap, or 
''urkey-red oil j but complete precipitation takes place on boiling the solutions 
nth these additions for a longer or shorter period accordmg to the degree of 
ilution ; very long continued boiling is necessary if phosphate of soda is the 
recipitating agent 

It IS usually prepared by one of two methods : — 

(1) From Chrome Alvm. — ^Add soda to a solution of the chrome alum, 
ntu the desired basicity is obtained, evaporate down to pomt of ciyatal- 
Lsation to let sodium and potassium sulphate separate out. Then dilute 
omewhat and add the necessary amount of calcium acetate. Filter and 
vaporate down to 32 “ T'w or to dryness 

( 2 ) From Sodi'um Bichromate, — Add sulphuric acid in sufficient amount to 
[berate chromium trioxide, then acetic acid (pyrohgneous) and glucose. A 
iolent reaction takes place which results in the reduction of CrOg to Cr(OH)3 
nd this dissolves in statu nascmdi in the acetic amd. This solution probably 
ontains other compounds besides the acetate. 

Basic oTyromvum acetates are prepared from the normal salt by the addition 
{ chromium hydroxide, ammonia, caustic or carbonate of soda, <&c, or by 
ddmg lead acetate or calcium acetate to basic sulphates. The violet solu- 
ions retain their violet colour on addition of basic agents, while the most basic 
alts prepared from violet solutions are less sensitive to dissociation than the 
ompounds similarly prepared from green solutions This is in accordance 
7 ith the supposition liiat the green solutions consist of mixtures of acid and 
lasic salts; an addition of caustic soda, for example, would produce a more 
lasic salt in a green solution than in a violet Liechti and Schwitzer 
ixamined the chromium acetates for their dissociating and mordanting pro- 
)erties They used solutions equivalent to 226 grms. chromenalum per litre, 
7 hioh were prepared from norm^ sulphate or basic sulphate and lead acetate. 
)nly the most basic salts were dissociated by heat alone The normal salt and 
he first basic salt, 0r2(02Ho02)5(0H), could not be decomposed by boiling, and 
he second basic salt, Cr2(02H802)4(0H)o, only by the combmed action of a 
eventy-five-fold dilution and boiling None of the salts were dissociated by 
imple dilution with water On mordanting, drying, and agemg the cotton 
Lbre retained of the available chromium 
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From the normal salt, Gr 3 ( 0 aHs 03 }g t 8 ‘4 per oent. 
basic ty Cr 3 (C 3 Qg 03 )g( 0 H} : 25*7 n 

99 »i Grg(CjS302)4(0H)2 : 30 0 ^ 

II It I* GrjIOjHgOahlOBCjg ; 66 0 n 

If If II Cr3(0aHj03)j(0H)4 : 69 9 ,, 


Solutions of more basic acetates than these can be prepared Ohromiu 
acetate (and chromium nitrate^cetate also) is not readily precipitated . 
sodium carbonate ; only on heating, a precipitate is obtained ; a cold solutu 
of chronuum acetate remains clear even vhen three equivalents of sodiu 
carbonate (ISTagCOg) are added for 2 equivalents of 0r(02Hg0Q)g. Chromiu 
acetates -wdl dissolve lead sulphate in quantities increasing VTith the baaici 
of the chromium acetate ; thus the addition of acetic acid to a basic salt pi 
cipitates the sulphate. 

The great stability of chromium acetate somewhat prevents its applicati 
in cotton dyeing, while it is not used at all in wool or silk dyemg It 
however, the most important chromium mordant for printmg on cotton ai 
woollen goods j the normal salt is employed. To prepare chromium aceta 
precipitate 1,000 parts of chrome-alum with 330 parts of soda ash (68°), filt< 
wash and press the precipitate, and dissolve it m 1,300 parts of acetic ac 
(30 per cent). The solution may be concentrated by boiling j the usi 
strength is 32*^ Tw. 

Chromium Sulphate -Acetates. — These salts are prepared, analogously to t 
corresponding aluminium salts, by decomposing chromium sulphate with 
amount of lead acetate msufficient to effect complete decomposition, or by t 
addition of sodium acetate. By decomposing basic sulphates basic sulphai 
acetates are obtained. In their general behaviour they resemble the chromii 
sulphates. Liechti and Schwitzer state that of the chromium sulphate-acetat 
neither the normal nor the basic is decomposed by dilution with water. T 
more basic salts only are dissociated by heat. The salt, 0r.(S04)(02H302)^(0H 
yields on mordantmg, drying, and ageing 84 per cent, of iie available chromii 
to the cotton fibre. 

Chromium Chloride-Acetates are obtained by dissolving chromium 03 
chloride (basic chloride) in acetic add, or by acting on a solution 
chrome-alum with calcium chloride and calcium-acetate. The most ba 
salts only show signs of dissociation W the combmed action of heat a 
dilution The salt, 0r2d(02HgO2)2(0H)3, yields to the cotton fibre 
mordanting, <fec., 60 per cent, of its chromium ^Z 26 chii and Sckimizer), 

Chromium Nitrate -Acetates. — By evaporatmg a solution containing 
equivalents of normal chromium acetate and 1 equivalent of nom 
chromium-nitrate, a salt is obtamed which crystallises in green table 
havmg the composition Or2(N'(X)(0^802)4(OH), By recrystallismg this s 
from strong acetic acid the salt Cr2(lN'0g)(02H802)5 is formed 

Chromium nitrate-acetates are prepared by double decomposition of i 
sulphates with lead mtrate and lead-aoetate. Another method, which 
recommended by Witz,* is to reduce potassium bichromate with glycerin 
the presence of nitrio and acetic acids The salt^ 0r2(N‘0g)(C2H302)2(0H)g3 
thus obtained, according to the equation — 

Jl2Gra07 + 3HNO3 + 2C3H4O3 + 3H9 = Gr9(NO3)(0gB5O2)s(OB)3 + 2KNO3 -H 4B3Q 
3 kgs (30 lbs ) orushed potassium bichromate, 

4 4 litres (4^ galls. ) boiling water, and 
26 litres (26 galls ) mtno acid (66° Tw.) 

are placed in an earthenware vessel standing in the open air ; into this miicti 
are poured carefully 


* A. Renard, ‘*Trait4 des Mati^es GoloranteSi” Joum. Soc. Dyers and Col., IS 

p 61. 
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0*72 litre (3 quarts) white glycenn (48* Tw ), and 
4 litres (4 galls ) ooetio aoid (30 per oent. ), 

half a lifire (or 1 pint) at a time, constantly stirring with a long glass rod. 
When all the bichromate has dissolved, the mixture is rapidly brought to 
the boil in a copper boiler until a thin layer of the liquid appears of a hne 
green colour (about two minutes). An abundant crystallisation of saltpetre is 
obtained on cooling The orystaJs are washed with water, and the washings 
added to the green liquor. About 12*6 kgs. (126 lbs ) (60° Tw ) are obtained. 

Ohromium nitrate -acetates may also be prepared by simply mixing 
chromium nitrate and chromium-acetate in the requisite proportions. Basic 
salts are obtained by adding sodium carbonate or by mixing basic salts. 

Of the chromium nitrate-acetates the most basic only are dissociated by heat 
and by dilution. The salt, 0r2(N08)(CaH302)2(0H)8, is decomposed by the 
action of heat on a very weaJc solution, and yields to the cotton fibre 48 6 per 
cent, of its chromium. The salt, 0r2(N03)(02H802)(0H)^ is decomposed by 
heat alone, and deposits m the fibre by mordanting 69'1 per oent of its 
chromium (LieohH and Schtoitzer), 

The chromium nitrate-acetates are employed as mordants in calico-printin". 

Chromium Trioxide or Chromic Anhydride, OrOg — Chromium tnoxide is 
obtained in the form of long ruby-red aoicular crystals by adding an excess 
of strong sulphuric acid to a concentrated solution of the bichromate— 

]^C)r 2 |Of + B 2 SO 4 — 2Cr03 4* K 3 SO 4 + BCgO* 

The crystals are very soluble in water, with which they form a solution of 
chromic acid (HjOrOj. Chromic acid is very easily reduced to chromic oxide 
by reducmg agents like sulphur dioxide, sulphuretted hydrogen, arsemc, and 
many organic substances , the reaction is fo vehement that ignition sometimes 
occurs, as is, for instance, the case when alcohol is brought in contact with the 
dry crystals. Heated with nitric or sulphuric acids, chromium trioxide forms 
chromium salts and nascent oxygen ; in the case of hydrochlono acid, chlorme 
is generated — 2Cr08 -f- 12HCI <= 2CrCl8 602^' frequently 

used in the laboratory, is one of the most powerful oxidisers known 

In acid solutions the chromates are reduced in the same way as chromic 
acid, though less rapidly, by the action of oxidisable substances, and yie'd 
chromium salts, the reduction of chiomates m alkalme solutions does not take 
place rapidly Sulphur dioxide and sulphites yield with chromium trioxide 
chromium sulphate — 

2Cr08 + 3SOa = Crs(S04)8. 

2Cr08 + SNajjSOs + 3H,S04 = Cr,(S04)8 + + 3HsO. 

Bichromate is reduced m the absence of HgSO^ as follows (Knecht) — 

- 1 - 4S0a = Cr,(S 04)8 + K^SOg 

Potassium Chromate, K 2 Cr 04 — Neutral or Yellow Potassvum Chromate^ 
Gn/rorfiaie of^ Potash — Potassium chromate is obtained by neutralising 
potassium bichromate with potassium hydroxide or carbonate It forms 
yellow rhombic pyramids, which dissolve readily in water with a yellow 
colour, which is perceptible even in weak solutions, 100 parts of water 
dissolve about 60 parts of the salt at the ordinary, and less than 80 parts 
at the boilmg, temperature. 

Potassium d^omate is readily converted by the action of acids into the 
bichromate It is somefcimea used in place of the bichromate. 

Potassium Bichromate, — Red Chromate or Bichromate of Potash; 

Biohfl^ome or --Potassium bichromate is manufactured by heating 

chrome iron ore with lime and potash, when the chromium oxide is oxidised 
by tbe atmospheric oxygen, and chromates of calcium and potassium are formed. 
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Potassium bichromate cryatallisea in large orange tricUnio prisma or tibl 
which are stable in the oir and contain no water of crystallisation (m contr* 
with the sodium salt) ; it melts below red heat, and at higher temperatures 
decomposes, forming oxygen, chromium oxide, and normal chromate, 
solubility in 100 parts of water is at — 


1 

0"O 

10“ 0. 

j 40» 0. 

80“ 0 

* 100 " c. 

Farts. 

Farts 

1 Palis. 

Farts 

Farts 

5 

85 ; 

j 29-2 

73 

102 


Potassium bichromate has a coolmg, bitter, and metallic taste. It is poiaono 
a property common to chromic acid and the chromates generally Its di 
is very harmful to the skin, and causes pamful sores, which, accordmg 
H S Eiederer,* may be healed by repeated treatments with a 5 per ce 
solution of sodium bisulphite. The action of reducmg agents on bichromi 
of potash has already been noticed 

Potassium bichromate, in presence of certain organic bodies, is offeci 
in some way by the active rays of light If a solution of the salt in gelat 
is exposed to daylight, it becomes insoluble in water; those parts, howeT> 
which have not been so exposed remain soluble. This property is utilised 
photography. The yellow colour of wool which has been mordanted w 
bichromate changes to green under the action of light, so that if the wool 
not been completely exposed uneven dyeing will ensue Judging from 
green colour, a reduction of the chromic acid to chromic oxide has i^en pla 

Commercial potassium bichromate is almost chemically pure. It has n 
been replaced almost entirely by sodium bichromate, and both are the r 
material for the production of all other chromium compounds and are u 
in various induatnes — in the manufacture of Alizarin and the Chro 
colours (Chrome-yellow, Chrome-orange, Guignets green) Dyers use th 
bichromates very extensively. They are the most important wool mordai 
while m cotton dyeing they are used in the production of Aniline bla 
Outoh brown. Chrome-yellow, for the after treatment of direct dyes, &c. 

Sodium Bichromate, NogCrgOy -i- 2HgO. — This salt strongly reseml 
bichromate of potassium, except that it contains 2 molecules of water 
crystallisation, is deliquescent, and is very easily soluble m water It 
however, much cheaper than the potassium salt, and is produced in an analog 
way. The commercial product is sold (1) in cyrstalB containing 2 molecules 
12 per cent, of water of crystallisation, or (2) in lumps or as a powder of 
fused and partially dehydrated compound. 

Sodium bichromate crystalhses in pnsms or plates of the trioHnic sysl 
which ore of a yellowish-red colour, transparent and deliquescent It has 
acid reaction, and a bitter, coolmg, metallic taste It loses 1 equivalent 
water below 76® 0, while all the water is given off below 100" 0, leaving 
anhydrous salt as a light brown mass. It decomposes ' slightly above 
melting point (320" 0 ), giving off oxygen ; hence the fused proclucts alw 
contain some chromic oxide. When th^ crystals of the hydrated salt 
dissolved in water a considerable reduction of temperature occurs, while, if 
anhydrous be treated with water, a rise in temperature is produced. 

Arthur Stanley has published the following tables t of the solubihtj 
anhydrous sodium bichromate m water and of the speoiffo gravities of diffei 
aqueous solutions. 

• Joum Soc Chem, Ind.^ 1907, p. 611. t Jourru Soc, Dyers and OoL, 1880, p. 14J 
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100 parts of water dissolve of sodium bichromate (Na^Or^O^) at— 


0*0 

16“ 0 

80*0 

Parts 

Parts 

Parts. 

107 

109 

127 


The specifio gravities of solutions of 


Per Cent. Spedflc 

Per Cent 

Specific 

Per Cent 

NajCrjO? Gravity 

Na 2 Cr 307 

Gravity 

Naa 0 r 207 

1 

1 007 

11 

1078 

21 

2 

1 014 

12 

1-086 

22 

3 

1 021 

13 

1-092 

23 

4 

1-028 

14 

1 099 

24 

6 

1 035 

15 

1-106 

25 

6 

1042 

16 

1 113 

26 

7 

1 049 

17 

1-120 

27 

8 

1 067 

18 

1-127 

28 

9 

1 064 

19 

1 134 

29 

10 

1-071 

20 

1-141 

30 


80*0. 


100*0 

189“ 0 


Parts 


Parts 

Parts 


143 


163 

210 


different strengths are 

the following — 

specific 

Per Cent Specific 

Per Oont 

Specific 

Gravity 

KasOrsOf Gravity 

NaaOrflOr 

Gravity, 

1-147 

31 

1 216 

41 

1287 

1-163 

32 

1 224 

42 

1-294 

1 169 

33 

1 231 

43 

1 300 

1-165 

34 

1-238 

44 

1 307 

1 171 

35 

1 246 

46 

1 313 

1 178 

36 

1 262 

46 

1 319 

1-186 

37 

1 269 

47 

1 325 

1-193 

38 

1-266 

1 48 

1 330 

1 201 

39 

1-273 

49 

1 336 

1-208 

40 

1280 

60 

1 343 


Sodium bichromate in the form of crystals with 2 molecules of water is 
nearly equivalent to the (anhydrous) potassium bichromate, the molecular 
weights of these two salts being in round numbers 299 and 296 respectively; 
the equivalent of the anhydrous sodium salt is 263. 

Sodium bichromate is now generally used in place of potassium bichromate 
on account of its lower price and its ^eater solubihty. 

Lead Chromate (PbCrO^^ or Ghrorn&^ellow ; and Basic Lead Chromate 
(PbjOrOg) or Ghrom&^tmge (see Mmeral coIov/tb), 

Copper Chromates. — By the action of a concentrated solution of chromic 
acid on cupno hydroxide brownish-black dehquescent crystals of CuCr207 + 
2H2O are obtained When the solution of this salt is boiled the basic salt, 
OugOrO- -I- 2H3O, separates out as a brown precipitate. The latter is also 
obtomed by mixing boiling solutions of normal potassium chromate and blue 
vitnol, whereas cold solutions form the double salt, KnOrO^ + CugCrgO^ + 2HoO. 

Mixtures of potassium bichromate and copper sulphate are employed with 
good results for mordanting wool, and after treating direct cotton colours, the 
copper sulphate increasing the fastness of the colour 

Chromiu m Chromate, 0r2(0r04)g (1), — ^By dissolving chronuum hydroxide 
in chromic acid, and carefully evaporatmg and crystallising several times, 
needle-shaped crystals of a salt are obtamed, which have the composition, 
0r2(0r04)g + 9H2O.* WTiether the same product is obtained by the double 
decomposition 01 chroimum sulphate and chromate of potassium is not certain. 

Basic Gh/romwm Ghromate^ Qr2(0r04)2(0H)2, may also be prepared by 
the action of chromic acid on chromium nydroxide It dissociates rapidly 
in solution. 

Basic GhroTTiiiim Sul^haterGhromate, Or2(SO^)(CrO^)(OTI)2j is obtained by 
dissolving 2 equivalents of chromium hydroxide, Or(6H)g, in 1 equivalent of 
sulphuric acid and 1 equivalent of chromic acid 

2Cr(OH)a -I- Ha804 + HaCrO^ = Cra(S 04 )(Cr 04 )( 0 H)j + 4HaO 


7 Y. * 46,999 ; English Patent, 1889, No. 376-^Ottni Soc. 

Dyers md Od., 1889, p. 80. 
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The same csomponnd is formed by double decon^oaition when 2 equivalents of 
Cr(OH )3 are dissolved m 2 equivalents of HgoO^ and the product is acted 
upon by 1 equivalent of the normal chromate, or J equivalent of bichromate of 
potassium or sodium 

The normal chromium chromate and the basic chromium sulphate-chromate 
are stable compounds in strong solutions. By boiling or by dilution with 
water they are dissociated, and the chromium hydroxide is precipitated in an 
insoluble form. The same effect is obtained by subjecting the salts in the fibre 
to the action of steaming, and by simply washing the fibre. 

Under the name of chromium-mordants, G A. I , G A. II., and G A. III., 
certam products are brought mto the market by the Parbwerke, vorm. Meister 
Lucius & Brumngi which consist of chromium chromate or similar products. 

Application of the Compounds of Chromium to 
THE Textile Fibres as Mordants. 

The salts of chromic acid are frequently employed in dyeing and printing. 
Chromic acid in the form of chromates or bichromates is also very extensively 
used as a mordant proper It is, however, invariably the lower oxide of 
chromium — chromic oxide — which serves as the actual wfijQng agent, for, 
wherever chromic acid is employed as a mordant, it is reduced to chromic 
oxide before it forms the ultimate colour lake, either in the mordanting or in 
the dyemg process, or between these two in a separate operation In other 
cases the goods are treated with bichromate after the dyeing, and then chromic 
acid acts as an oxidising agent, and chromic oxide, which is generated thereby, 
takes the part of a mordant. The behaviour of chromic acid on “chromed 
wool ” towards oxidisable dyestuffs (such as logwood) is similar. 

As the chromium salts and chromates are inseparable as mordants, they are 
here described together. The apphcations of (bromic acid as an oxidising 
agent and as a dyestuff will be found m connection with the subjects where 
it acts as such (for instance, in the paragraphs on Anilme-black and Chrome- 
yellow). 

Application to Cotton and Linen — (1) Ghromvwm Hydroxide im, Alkaline 
Solution {H, Koeohlimls Alkcdme Chrome Mordomt or Chromite of Soda ),* — 
Koechhn mixes 2 measures of chromium acetate (26“ Tw.) with 2 measures 
of caustic soda (6 6“ Tw.) and J to 1 measure of water, then 1 measure of 
caustic soda lye in addition may be added to 6 measures of this mixture. 
If in the beginning only measures caustic soda instead of 2 are used, the 
hquor becomes muddy and gelatinous. 

Chromium acetate is obtoned by precipitating 1,000 parts of chrome-alum 
with 330 parts of soda ash (68“), washing the precipitate and dissolving it in 
acetic acid ; the liquid is concentrated by boiling. H. Schmid f saves the 
expense of acetic acid by dissolving the precipitate of chromic hydroxide, 
obtained from 1,000 parts chrome-alum and 330 parts soda ash, in 60 parts 
(by weight) of caustic soda lye (60“ Tw ). This alkaline mordant is not 
a stable product, after one or two days complete precipitation takes place; 
glycenn may delay this, but is liable to diminish the mordanting power. 
As the bath remains clear in the presence of a great excess of caustic soda, 
a known quantity of the latter is added to preserve the liquor, and this is 
neutralised with a correspondmg amount of chromic hydroxide before the bath 
is used again. In all cases, however, only the requisite quantity of mordant 
should be prepared. The more caustic the bath the better it mordants, if 
insufficient soda is present, very little chromic hydroxide will precipitate, 

* i/oum. Soc ^ Dyere wad OW., 1886, p, 18, and 1886, p. 26. + TJid., 1886, p. 26. 
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notwithstanding complete solution. On the other hand, too gi*eat cau3ticit^ 
shi'inks the fibre seriously by the action of mercerising. 

A simplified method is the following : — 

200 CTmB (2 IbB ) ohrorae-alum, 

1 ntre (1 gall ) water, and 
4 litre (4 gall.) oaustio soda (71® Tw ) 

are mixed , the pieces are passed through this solution, beamed, and left fo 
24 hours, then passed through boiling water, washed, and dyed.* 

Koecliliii^s alkaline mordant is one of the beat chromium mordants foi 
cotton which has been proposed. Unfortunately, it cannot well be used foi 
yarns, on account of its caustic action on the hands of the workmen. Anothei 
disadvantage is that it cannot be used on oiled material, since the oil would b( 
stripped from the fibie Cotton piece goods are saturated with the cold liquoi 
on the padding machine, rolled up and loft for twelve hours, then washed i 
possible, in running water. This mordanting process is not at all analogoui 
to the fixation of alumina by means of aluminate of soda. The precipitatioi 
takes place by mere contact, and fixing agents are useless. 

(2) ChroTmum Salts as Mordants, — It is difficult to impregnate the ve"e 
table fibres with an amount of chromium salt sufficient to obtain a full shaSe 
The sulphates, nitrates, acetates, nitrate-acetates, &o., have been employee 
with good results in calico-printing, but the demand for a good chromiun 
mordant for the dyeing of cotton, especially of cotton yarns, has not beei 
completely satisfied as yet. 

Horace Koechlin lias proposed tlie following method, which gives fairlj 
good results — The yam is impregnated with the solution of a chromium salt 
preferably a basic salt, dried and passed through a boiling solution of 1 pan 
of soda ash in 10 parts of water; the operations are repeated if aufficiem 
chromium has not been fixed Chromo-alum, clnomiimi sulphate, mtrate 
chloride, acetate, nitrate-acetate, ikc., or their basic salts (like 01*^(804)3(03!)^ 
are used , the acobites, and nitrate-acetates, yield loss satisfactory results smcf 
they are not re-idily precipitated. It is essential that the soda solution hi 
kept at the boiling temperature , since, otherwise, a smaller amount of tht 
inordant will bo fixed. Other si. Its, such as phosphate of soda, do not give 
such guod results as sodium carbonate 

lictter results are obtained if tliu fibre is prepared first with Turkey-ied 01 
or tannin, or both, and subsequently with chromium salts In this case the 
soda solution is replaced by cold water containing a small amount of lime, smee 
soda would affect the 01 game mordant. The material is impregnated with ] 
part of neutralised Tui key-red oil and 9 parts of water, or in the case of tanmi 
being used, it is steeped in a bath containing 1 part of sumach extract (52° Tw 
in 100 parts of water The goods are entered into the batli at boiling tempe 
rature, and allowed to soak twelve houis without fui*ther heating Botl 
processes may be combined by first oiling the goods and then prepanng then 
with sumach. The material is simply wrung after these operations and posset 
into the chromium-mordant bath, whore it is left for two to four hours , bu 
when Turkey-red oil alone is used, it is better to leave the goods ove 
niglit in the chrome-bath After being wrung out the material is washed 11 
water containing some lime, and is ready for dyeing For full shades th 
vaiioua opeiations are repeated The best mordant for this process is bosi 
chromium clilonde (32“ Tw ) , other easily decomposed chromium salts, sud 
its the sulphate, acetate, or chromate, are also applicable 

The Badische Amlin- und Sodo-Fabrik recommends the followmg treat 
ment . — The cotton is steeped over night in a bath of basic chromium ohlonJc 

* Private communication from M. Horace Kooclilin. 
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32° Tw., and then wring out and well washed m a flow of calcareous water. 
This first treatment is followed for medium shades by further mordantmg with 
Turkey-red oil and chromium chloride, 32° Tw., and for dark ones with Turkey- 
red oil, sumach, and chromium chloride, as just described. 

Chromium bisulphite is not suitable for the mordantmg of yams. Cotton 
piece goods are mordanted with this product m the paddmg-machme, and left 
to he beamed for two hours ; they are then dried, or, bett^, passed through 
the rapid ager of Mather & Platt, and washed in water , it is not advisable 
to dry the material, because it is afterwards difficult to wet out. 

The following instructions are given by the Hoechst Colour Works for the 
apphcation of their chromium mordants, O.A, I, and Q A, II y to cotton, 
Chiomic acid seems to act simply as an acid like other acids in these pie- 
parations, and to exert no mordanting or oxidising effect It should be 
remembered that these mordants are sensitive to hght The solutions of 
commercial strength do not dissociate 

Chromium Mord<mt, G,A, J. (M.L.B ), is recommended by the manufacturers 
for mordantmg loose cotton, cotton yam, and piece goods It is a basic salt, 
contammg chromium hydroxide, chromic acid, and hydrochloric acid. 

The well- wetted material is steeped m the mordant, which has been diluted 
with water (1 to 4) for 12 to 24 hours, wrung out, and carefully nnsed in 
water ; or it is worked before rmsmg for 20 to 30 minutes m a weak soda-bath 
at 60“ (1 part of soda ash in 200 of water) Alizarin red and Alizarm brown 
require a stronger mordant (1 part of mordant to 2 parts of water) Piece 
goods are padded m a solution of 1 part of mordant and 2 to 4 parts of water, 
rolled up moist, left well covered up, and finally passed through a weak soda 
solution as before. 

Chromium Mordamty G.A, II (ML.B). — This mordant (which is also a 
basic salt contaimng chromium hydroxide, chromic acid, and acetic acid) is, 
according to the makers, specially adapted for the drying and steammg process, 
aince after drying it is easily and completely fixed by a slight steammg. 
Instead of steaming, the material can be aged for 24 hours , on account of 
the sensitiveness of these mordants to light, the ageing must take place in a 
dark room. 

For steammg, 1 htre (1 gall.) of mordant G A II • is diluted with 4 litres 
(4 galls ) of water, and 80 to 100 c.c. (1 pint) of glycerm is added. The pieces 
are padded with this solution, dried and steamed for 10 to 20 mmutes without 
pressure, and fixed as stated before 

Mordant G,A II can also be applied by printing. 

A mixture of chromium chromate and chromium lactate has been recom- 
mended by C. H. Boehrmger Sohn for cotton and silk The mordant is 
prepared by mixmg 10 parts chromium chromate, 64° Tw , and 40 parts 
chromium lactate, 12“ Tw., and the cotton or silk is steeped m this solution, 
wrung, and carefully dried at 30° 0., or steamed for one hour without pressure 

A mixed mordant of chromium hydroxide and zmc hydroxide has been 
recommended for Gallocyamn, and may be suitable for other mordant colours 
The cotton is steeped for some hours in basic chromium chloride, 32 Tw., 
wrung out, and passed through a cold solution of sodium zmonte, 3 Tw., wrung 
again, nnsed, and exposed to the air. A double mordant of zmc and chrome is 
thus produced. Sodium zincate is produced by dissolvmg zinc or zinc oxide m 
caustic soda lye (free of carbonate of soda), or by adding so much caustic lye to 
the solution of a zinc salt that the precipitate formed at first redissolvea 
(see under Zinc), The mordanting baths may be used contmuously. 

(3) Bichromates as Chromium Morda/nts — Bichromate has been employed 
for mordantmg cotton by being incorporated with the fibre, and subsequently 
reduced with some oxidisable salt by steaming. For yarns the processes ar€ 
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not practicable. H. Koechlin * has proposed the following method, which waa 
for a long while nnnvalled ; — 

800 grms. (8 lbs.) potaBSinm biohromate, and 

600 0 0 (5 pints) ammonia are dissolyed m 
2 htres (2 galls.) water ; 

800 grms. (8 lbs.) thiosulphate of soda, 
i litre (i gall ) magnesium aoetate (52° Tw.), and 
4 htres (4 galls.) tragaoanth thickening (60 to 1,000) 

are added. The pieces are padded with the resulting mixture, dried, and 
steamed for one and a half to two hours, thus fixing chromic oxide and 
magnesia on the goods in the form of a very active and fast mordant, 
yielding a double lake. Thiosulphate is replaced with advantage by sodium 
or ammonium sulphocyanide, since this salt prevents a tendering of the fibre. 
The various salts have no action on each other at the ordinary temperature if 
the hght is excluded , but the bichromate is reduced under the influence of 
steaming in the presence of magnesium acetate by the thiosulphate or sulpho- 
cyanide, and chromic oxide is deposited m the fibre This process requires a 
long continued and strong steaming, and, m consequence of the formation 
of oxy cellulose, owing to the reduction of the chromic acid, often causes a 
tendering of the goods. 

Anoliier method, patented by E. Knecht, the principle of which waa 
proposed by Prudhomme, is to reduce a chromate with a sulphite H Koechhn 
has mdicated the following mode of procedure. — 60 grms (J lb.) potassium 
bidiromate, 100 grms. (1 lb.) bisulphite of soda (66° Tw.), and 100 ^ms (1 lb.) 
ammonia are made up to 1 litre (1 gall ) j better results are obtamed, according 
to W M Gardner, by using more bisulphite, 260 grms. (2 *6 lbs ) The ammonia 
and bisulphite are first mixed, and then added to the solution of the bichro- 
mate The mixture, which contains a largo excess of ammonia, does not 
deposit any sediment, but if the ammonia is driven off by boiling or is allowed 
to evaporate, the chromate is at once reduced and chromic hydrate formed. 
Cotton piece goods are impregnated with the solution, dried, and steamed] 
the process yields good results without any tendering of the fibre taking place. 

Kichard and Santannif state that still better results are produced hj twice 
padding the piece with 20 parts bichromate of soda, 20 parts water, 40 parts 
bsulphite 66” Tw., and 16 parts formaldehyde, followed by drying at full 
width through the hot flue, three to four mmutea steaming, and treatment foi 
at least twelve minutes in a bath of caustic soda 4 Tw at 80”, washing and 
soaping, bisulphite and formaldehyde should be mixed in advance, but not 
more than a quarter of an hour before use Instead of 40 parts of bisulphite, 
12| parts Hydrosulphite NF or Hyraldite A with 26 parts formaldehyde may 
be used 

Max Becke t has published a very mteresting method , the principle of the 
method is to reduce chromic acid in the presence of the fibre by means oi 
aniline A more or less dark shade of Anilme-grey is thus fixed along with e 
certam proportion of chromic oxide The cotton prepared in this mannei 
can subsequently be dyed with colourmg matters whidi possess affinity foi 
chromic oxide 

J J Hummel has suggested that the vegetable fibre should be mordantec 
with tanmn, and subsequently treated with a boiling solution of bichromate 
We find that up to 20 per cent tanmo acid, or a corresponding quantity o 
sumach, &c , is necessary for full shades ; the biohrome bath is prepared witl 
1 part of sulphuric acid for 3 parts of bichromate. In a similar way 
goods which have been dyed with cutch and developed in biohrome become 

* Jova^ Soc, Dyers and Ool , 1885, p. 25 + Ibtd , 1907, p 124. 

tlhid. 1888, p. 24. 
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mordanted -vrith chrome, and may subsequently be topped with mordant dyes, 
like logwood, fustic, Ahzarin, (kc. 

Compounds of chromium find but little employment in jute dyeing, since 
this fibre is seldom dyed with mordant colours. 

Application to Wool — (1) ChroTmvm Salta as Wool Mordants — Apart from 
chromium fluoride, chrome^um is the only salt of chromic oxide that has 
been employed for wool-mordanting. The amount of chromium fixed from 
chrome-alum is about twice as great as that fixed by equivalent percentages 
of bichromate under the same conditions.* Probably a part of the chromium 
sulphate is simply absorbed by the wool fibre, and is not fixed in a permanent 
manner, since it yields m dyeing greatly i^enor results to the bichromate. 
To obt^ good and full shades with chrome-alum, it is found necessary to 
use for each equivalent of chrome-alum from 12 to 18 equivalents of tartar t 

The salts of chromium have not been so thoroughly investigated as those of 
alummium m their behaviour towards wool ; we have seen, however, that they 
are considerably less easily dissociated ; if, then, the hypoliiesis be correct that 
the wool fibre dissociatea aluminium salts, and combines with the alumina, we 
may suppose that the wool does not readily dissociate chromium sulphate, and 
that it appropriates only a small amount of this mordant when the amount of 
tartar present is not excessive; this would account for the unsatisfactory 
results with chrome-alum. 

Ghromivm JliMoride has frequently been recommended, and it has been 
asserted that it would take the place of potassium bichromate m wool dyemg. 
This, however, has not been realised, possibly because chromium fluonde is not 
well applicable in the presence of copper, and the wool receives a harsh feeL 
The price of chromium fluonde is also considerably higher than that of the 
bichromates. Ohromium fluonde seems particularly useful where bichromate 
is mjunous owmg to its oxidismg action. Comparative experiments J have 
shown that i£ a quantity of chromium fluoride, amountmg to 1 per cent, of the 
weight of the wool, is used as a mordant, all the chromium is fixed on the 
fibre; while an equivalent quantity of potassium bichromate gives up only 
one-half of its av^able chromium By employmg as much of the chromium 
fluonde as amounts to 2 per cent, of &e weight of the wool, 78 per cent of 
the chromium is fixed, and in using 4 per cent, chromium fluoride nearly 70 
per cent is taken up by the fibre, whereas about 60 per cent, of the equivalent 
bichromate is left in the bath. The mordanting proceeds m a similar way 
as with bichromate; 4 per cent, chromium fluoride and 2 per cent oxalic 
acid (of the weight of the wool) are used. The baths can be used continuously 
after bemg freshened up each time ; care must be taken, however, that the 
amount of oxalic acid in the mordanting-bath does not become too large 

Wooden dye-vats with lead pipes for heating should be used for the 
application of the fluonde. 

(2) Chromic Ao%d as a Wool Mordaml — Ohromio acid in the form of bichro- 
mates of potassium and sodium is the most important and most generally used 
wool mordant ; it ofiers the great advantages of being cheap and easily apphed, 
as also of yielding full, brilliant, and fast colours With a comparatively very 
small amount of the salt deep colours are obtained. The mordanting-bath is 
prepared with 2 to 4 per cent, potassium bichromate (of the weight of the 
wool) and the necessary quantity of water, amounting to from 50 to 100 times 
the weight of the wool The wool is boiled for 1 to 1 J hours with this liquor, 
and, after being washed in water, is ready for dyemg Sulphuric acid (1 to 3 
per cent, of the weight of the wool) is sometimes added to the bath either for 

* Kay and Baatow, Jowm 8 qc, Dyers and CoL^ 18S7, p. 118. 
t W. M. Gardner, Joum Soc Dyers and CoL, 1890, p. 37. 
t Joum, Soc Dyers arid Coh^ 1891, p. 121. 
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the purpose of rendering the action of the mordant more energetic or of keep- 
ing the composition of the bath constant. The wool which has been mordanted 
in this way with or without acid assumes a yellow colour, and probably 
contains chromic acid. Under the influence of the active rays of light this 
colour IS changed to green (see Gh/rom%vm Trioxide), probably by reduction of 
the tnoxide to chromic oxide. Goods which have been affected in this way aie 
liable to dye unevenly and to have a speckled appearance. Passing thiough 
a bisulphite solution before dyeing may remedy this fault. 

Hydrochloric and nitric acid, according to J. J Hummel and W. M, 
Gardner,* differ* materially m their action from sulphuric acid, effecting an 
almost complete exhaustion of the mordanting-bath. 

More bnlhant colours are obtained when organic acids or acid salts (for 
example, formic or oxahc acid or tartar) are used along with the bichromate 
The latter is partly reduced, and chromic hydroxide formed on the fibre. In 
this case the wool has a greenish colour, like that of the chromium salts and 
chromic hydroxide. The quantity, however, of organic substances usually 
employed is not always sufficient to reduce the whole amount of bichromate 
that IS extracted from the bath by the fibre. Up to a few years ago tartar 
was employed most generally as an assistant for mordanting with bichromates, 

3 per cent of bichrome and per cent, of tartar being the usual quantities, 
or, for very dark shades, 4 per cent, of bichrome and 3 per cent, of tartar. 
Sometimes oxahc acid was used on account of its lower price, although its 
action as regards even mordanting and good reduction of the bichromate is 
mfenor , for 3 to 4 per cent, of bidirome about 1 to 2 per cent of oxalic acid 
was employed. During the last few years lactic acid, lactohne, and hgnorosine 
have come very generafly into use j they exert a very good reducmg effect, and 
the mordant is satisfactory and fairly evenly fixed. The proportions recom- 
mended are 2 to 3 per cent of bichrome and 3 to 6 per cent, of lactic acid, 
with or without the gradual addition of 1 to 1 J per cent of sulphuric acid , or 
IJ per cent, of Jnchrome and 3 per cent, lactohne, or 2'7 per cent bichrome, 

4 5 per cent, lignorosme, and 1 8 per cent of sulphuric acid for dark shades ; 
and, for hght ones, 1 3 per cent of bichrome, 2-7 per cent lignorosme, and 
0*8 per cent, sulphuric acid. Recently formic acid has been mtroduced by 
S. Kappf f as a very effective assistant which exhausts the chrome bath entirely, 
and makes it possible to mordant even the deepest shades with only li^ to 2 
per cent of bichrome and the same quantity of formic acid. 

Another way of reducmg the chromic acid is to pass the mordanted wool 
through a tepid solution, of bisulphite of soda containing about 6 per cent, 
hquor (60” Tw.), calculated on the weight of the wool (E Kneoht) J Treated in 
this manner the chrome becomes more completely reduced than if tartar had 
been used; and the results obtamed m dyeing are much better with a laige 
number of adjective dyes, notably logwood, Alizann-blue, Coerulem, and Gallein. 

0 T Amend recommends free chromic acid for mordanting wool The dry 
wool is entered in a bath which contams 6 per cent acetic acid, and is heated 
to 76” to 80” ; after one-half hour’s workmg 1 per cent chromic acid is added, 
and the working continued for thirty mmutes more, when 6 per cent, sodium 
bisulphite is added, and the liquor is re-heated to 76“ to 80”, whilst the wool is 
turn^ one-half hour more j after this the wool is rinsed, or simply allowed to- 
dram, and then dyed with the addition of 1 per cent ammonia vithout acid 
Chromic acid may be replaced by a mixture of bichromate and sulphuric acid § 

If a large excess of tiohromate, especially in conjunction with sulphuric 
acid, is used, it exerts an injunous effect on some colouring matters by oxidis- 

* Joum. Soc» Gh&ni. Ind,^ 1896, p 462. 

+ Joum Soc, Dyers and Cd , 1905, p 76. t Ib\d , 18S9, p. 186. 

§ R. Loewenthal, Lehne'a Fdrherzexiungy 1899, p. 303 
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fag them and des^yfag their colouring principle, while at the same time 
fibre IS injury Wool bo treated is said to be “ ov&rohromed.” HmnH amoi 
of bichromate ^ do not exert this infiuence to so laree an extent Init 
producto of oxidation diminish the bnllmnoy of the ultimate colour mon 

m IhT f “ord^t bleeds out and precipitates the colourmg ma 

in ae dye-bath, and this being more or less taken up meohanioaUy® by 
wool gives ^e to colours which rub-off. The reducLn of the hi^oa 
previous to dyemg not only prevents this loss from overchroming, but a 

»< »»>'■ 

tT,»^ boiled wool in a solution of potassium bichromate i 

then removed as much of the salt as could be extracted by repeated treatme 
with cold water for several weeks The wool still contained a considers 
quantity of chromic amd in some form, as was shown by the formation 
Omom^ellow on the fibre when it was passed throu^ the solution of a 1 
sdt. Kay ^d Bastow (lo.) found that m boiling wool with potassi 
bichromate the bichromate is decomposed and a certain amount of potassi 
chromate is found in ^e mordantmg hquor These facts indicate that 
potasBiim Dicliromate is partly absorbed by the wool fibre and partly dec< 
posed, its acid constituent being partly extracted and retained by the fibre 
chromic acid, expressed by the equation— KjCr,0. = KgOrO, + (K),. 

Nietzki t bas explained this fact by assummg that the nbrn min acid 
partially reduced by the wool fibre to chromium chromate. Chromi 
chromate is but httle known, and it is improbable that under the conditi 
prevalent in the mordanting-bath— boilmg temperature and great dilutioi 
chromium chromate would be formed from chromium oxide and chromic ai 
or that it could exist without dissociating. 

_ J, J. Hummel J contends that, if oxidation of the wool does take pit 
it IS very slight, and, oertamly, only a secondary accompaniment, not, hy t 
means, ihe essential action, which accounts for the striking character of 
mordanting powers of potassium bichromate 

EInecht,§ in view of the great affinity of wool for acids, argues that 
mordantmg of wool with bichromate is simply due to a dissociation of the i 
into chromic acid (which combines with the substance, or a constituent of 
substance, of the wool fibre) and the normal potassium chromate || (wh 
remams m the bath). Durmg the dyeing, chromic acid is reduced partly 
the dyestuff, partly by other substances present, and partly by the wool fil 
whereby it is converted into the mordant proper — chromium hydroxide. 

Knecht (l.c,, 1889, p. 184) has compared the quantities of chromic a 
which wool takes up under equal conditions from (1) neutral potassi 
chromate, (2) potassium bichromate, and (3) chromic acid (potassium bid 
mate mixed with one eqmvalent of sulphuric acid) He found that most '' 
fixed from chromic acid and least from neutral chromate. 

In mordantmg with 3 per cent, bichromate (the amount usually emplo 
on the large scale) only about 1 per cent, is fixed by the wool, as shown 
experiments in the laboratory, and by analysmg a series of mordant-liqi] 
used in a dye-works TJsuaJly dyors work their bichromate bath cjontmuou 
freshening up the same after eacm operation with a greater amount of bid 
mate than has been consumed. Analyses showed (^.c.) that the amouni 


* Joum Soc» Ghem Ind , 1887, p 131 

t Joum Soc, Dyera and Col , 1889, p 161. t Dyeing of Textde Fdbr%c8t p 20 
§ Joum. Soc Dyera and Col , 1889, p. 186 ; ib , 1888, p. 104. 

II This has been definitely proved by the more recent researches of Abegg and 
{Joum Soc Dyera and Col , 1905, p. 114), who show that in very dilute solutions 
dissociation is complete At a concentration of 1 grm per htre it amounts to 62 per o 
and at one of 0 1 grm. per litre to 91 per cent. 


17 



A MANUAL OP DPEING. 


258 

biohroinat© remained almost constajit at 0*5 gnn per litre when 3 per cent, 
bicliroinate "was uaed the first time, and as much added after each operation j 
hnt the neutral chromate steadily mcreaaed up to an amount equivalent to at 
least 3*24: gnns. of the bichromate per litre, when the bath had to be let off. 
A great quantity of chromium is thus lost every day, since the baths become 
overcharged vnth the salts, and have to be thrown away Enecht therefore 
recommends that no more bichromate be added to the bath than is necessary 
to replace the amount extracted by the wool, as also that as much sulphuric 
add be supplied as will reconvert most of the chromate mto bichromate 

It would well repay the dyer to make rough tests of his “ chrome ” baths 
from time to time bolii as regards ocmdition (acidity or alkalinity as the cteiSe 
may be) and as regards the amount of chromate present. In order to teat 
the condition of the bath, the best vridwcutor is loLohmoid paper (see Analysis^ 
Part XI.). If the whole of the chromium is present m the form of fttchromate, 
the paper shows a neutral reaction , if normal chromate be present red paper 
IS turned blue, whereas an excess of aad turns blue lackmoid paper red 

To find the amount of acid to be added, the followmg simple method is 
recommended ; — ^Take 1 litre of the chrome liquor and pour it mto a white 
porcelain basin. Gradually add from a burette, with constant stirnng, a 
solution of sulphuric add contaimng 6 grms. per htre until a piece of blue 
lackmoid paper shows a neutral reaction. The number of cubic centimetres 
required to produce this effect corresponds to the number of ounces of 
sulphuric add (D.O.Y ), to be added to 1,000 gallons of “ chrome hquor.” 

In order to find the amount of chromate and bichromate present m a vat, 
the following mode of procedure is, perhaps, the simplest* — Weigh 1 grm. 
of granulated ferrous ammomum sulphate mto a porcelam basin, add 100 cubic 
centimetres of a 2 per cent, solution of sulphuric amd, and run m from 
a burette the chrome hquor until a drop of the solution ceases to produce 
a blue colour when brought m contact with a drop of potassium ferncyamde. 
The number obtamed by dividing the figure 126 by the number or cubic 
centimetres of “chrome” hquor required, equals the number of pounds of 
potassium bichromate m 100 gallons 

Practical experience has shown that a chrome bath works better after 
it has been used two or three times than when fresh. This would indicate 
that it is best to have a mixture of normal chromate and bichromate m the 
bath, and that only so much acid should be added as will keep the hquor in 
this state. W. M. Gardner and T. Garter * attribute the condition to a certain 
extent to the presence in the bath of “ wool-gelatme.” 

The oxidismg action of bichromate and chromic add is especially detri- 
mental in the case of mordantmg vat-dyed wool, smce a part of the mdigo 
is destroyed. In order to preserve the mdigo the wool is mordanted either 
with bichromate without any assistants or with the addition of small quantities 
of tartar or lactic amd or hgnorosme, whilst sulphuric or oxalic acids must 
be absolutely avoided, and also the addition of blue vitnol, a very great 
proportion of the mdigo bemg destroyed by their action A mixture of 
bichromate, blue vitriol, and sulphunc amd is even very well adapted for 
destroying colours on shoddy material and mordantmg the fibre simultaneously 
for re-dyemg 

Apphcation to Silk,t — For the mordantmg of silk with chromium compounds 
normal or basic chromium salts are used Bichromate does not serve as 
a mordant proper, although it is used* as an oxidismg agent m the developmg 
of Outch browns, 

TJngummed silk is steeped for six hours in a strong solution of a chromium 
salt basic chroimum chloride, 32 Tw.), well wrung, washed, worked m 
•i/oum. 80 c, Dyers and CoL, 1893, p. 167, t See also P. Heermann, Lc., p, 238. 
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silicate of soda (J" Tw.) for fifteen minutes, and again washed , it is then rea 
for dyeing. 

Ghrorrmtm Mordcunty G,A III, (M. L. B.), is recommended by the make 
for wool-printing, and especially for dyeing the Ahzann colours on silk, 
consists of chromium chromate, 0r2(Cr04)8 

Discharged silk is steeped for twelve to twenty-four hours in the morda 
(1 part diluted with 4 parts water), and is ready for dyeing after simj 
wadnng with water. ^ 


IRON (J^errvm)y Fe = 66 ‘9. 

Iron is divalent in some compounds and tetravaient m others, or trivale 
according to recent opinions. Its specifio gravity is 7 •84. In pure air and 
oxygen it does not tarnish Pure water does not act on iron below red hei 
hut water containing carbonic acid and air oxidises it, formmg rust or fen 
hydroxide. Steam is decomposed by iron at red heat, magnetic oxide of ir- 
bemg formed and hydrogen hberated. Iron is dissolved by most acids wi 
evolution of hydrogen, but cold diluted nitric acid dissolves it without evolvi 
gases, and forms ferrous nitrate and ammomum nitrate. If iron is treat 
for a short while with cold strong mtric acid and then washed with wab 
it becomes passive, and is but slowly acted upon by chemicfid agents. 

Iron forms four different compounds with oxygen • — 

1 Ferrous Oxide, FeO. 

2 Magnetic or Black Oxide of Iron, Fe^4. 

3. Feme Oxide or Sesquioxide of Iron, FegOg. 

4 Feme Acid (Anhydride), FeO^ 

Of these the last named is known only m the form of some very unatal 
salts — e g,y potassium ferrate, K2Pe04. l4us compound and the magnetic qxi 
are of no practical interest to dyers. 

Ferrous Oxide, FeO, is a black powder which readily absorbs oxyge 
passmg into the higher oxides. 

Ferrous Hydroxide or Hydrate, Fe(OH)2, is a white mass m the pure stat 
but greenish when shghtly oxidised. The moist hydroxide absorbs oxygi 
with avidity, changing first to green and then to brown. It is a weak diac 
base, and is dissolved by acids with evolution of heat formmg f&rrous sal 
Ferrous hydroxide is generated by the action of water contaunng air on iro 
It dissolves in 160,000 parts of water, impartmg to the latter an alkalij 
reaction and the pecuhar taste of ferrous salts Ferrous hydroxide is pi 
cipitated from solutions of ferrous salts by caustic alkalies, but is n 
redissolved by an excess of the precipitant. It is a fairly strong reducu 
agent which is made use of m the copperas vat 

Feme Oxide, Fe208 — Sesqmoxnde of Iron, — Iron sesquioxide occurs nati 
m several minerals, and forms the red pigment colcothcur or oo/put wiortv/w 
It IS obtained as a brownish-red powder by heatmg feme hydroxide or a fen 
salt of a volatile add— 6.^., feme sulphate It dissolves slowly m amds 
feme oxide, feme hydroxide, and the ferric salts it was formerly suppos 
that two tetravaient iron atoms were combined and acted as a hexavale 
group = Fe — Fe =. 

Ferric Hydroxide or Hydrate, Fe(OH)8 or Fe2(OH)e, is precipitat^ m 
brown voluminous mass from the solutions of ferric s^ts by caustic alkali' 
The precipitate becomes denser in hoihng water, bemg transformed into t 
hydroxides^ Fe20(0H)4 and The preapitate is not redissolved 

alkahes, but its formation may be prevented by organic substences suem 
glycerm. An alkaline solution of ferric hydroxide to which glycerin has 
added has been proposed by H. Koechhn for the morda n t i ng of cotton. T 
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ordinary ferric hydroxide is not soluble in water, but, under certain conditions, 
it can be brought into solution by dialysis; it possesses no affinity to the 
textile fibres. Such dialysed iron is used in medicine, and may be employed as 
an antidote for arsemo poisoning internally and externally. 

Ferric Hydroxide is a weak tn-aoid base. It does not form well defined 
salts with weak acids, but is readily soluble in most acids, forming with them 
feme salts. Feme hydroxide is soluble in neutral feme salts, forming basic 
salts, and hence behaves Iflfce the aluminium and chromium hydroxides. 
These solutions, when greatly diluted and heated, are dissociated. Ferric- 
hydroxide IS shghtly soluble in many organic substances, and imparts to them 
a yellowish to brown colour. 

Ferrous Salts are white in the anhydrous state, but when they contain water 
they are greenish. They possess a sweet metalhc taste, with an inky after-taste. 
Their aqueous solutions dissolve nitric oxide with a black colour. The soluble 
ferrous salts have an acid reaction. They are decomposed by strong heat.. 
The caustic alkalies and lime precipitate ferrous hydroxide from the solutions 

Salts of ammoma prevent the precipitation by caustic ammonia completely, 
by other agents partially. The alkaline solution separates the feme hydroxides 
in an insoluble state under the oxidising influence of the air. Orgamc sub- 
stances, especially non- volatile adds and sugar, also impede the precipitation. 
Ammonium sulphide precipitates ferrous sulphide from neutral solutions 'of 
ferrous salts, and so does sulphuretted hydrogen from alkahne solutions 

The solutions of ferrous salts become turbid by absorbmg oxygen from the 
atmosphere, fornung basic ferric salts in the form of browniSi flocculent 
precipitates. By other oxidising agents they are also readily oxidised. With 
potassium ferrocyanide they give a white precipitate, which rapidly becomes 
blue on exposure to the air , but with potassium ferricyanide a blue precipitate 
(Turnbull’s blue) is immediately formed. 

Feme Salts. — Neutral feme salts m the anhydrous state are nearly white ;; 
the hydrated neutral and the basic salts are yellow or reddish-brown. The 
aqueous solutions have a brownish-yellow colour, which turns reddish-yellow on 
heatmg. The soluble salts have an acid reaction, an astrmgent taste with an 
inky after-taste, and are decomposed on heatmg Their solutions do not 
dissolve nitnc oxide 

Feme salts, are obtained by the oxidation of ferrous salts with chlorme or 
nitric acid, and are easily reduced agam — e,g,y by sulphuretted hydrogen, iron, 
stannous (Moride, kc. 

Caustic alkalies and their carbonates, lime, kc., precipitate from the 
solutions of feme salts ferric hydroxide, which is not soluble m an excess 
of the precipitant, nor is it affected by the presence of ammomum salts. Organic 
substances impede the precipitation Ammonium sulphide precipitates from 
the neutral, and sulphuretted hydrogen from the alkaline solutions of feme 
salts black ferrous sulphide 

Potassium ferrocyanide produces m solutions of feme salts a beautiful blue 
preapitate, which is msoluble m hydrochloric amd, but is destroyed by caustic 
alkalies. Potassium femeyamde colours the solutions of feme salts a fuller 
red-brown without produomg a precipitate ; the formation of a blue precipitate 
m such solutions mdioatea the presence of ferrous salts. Potassium sulpho- 
cyamde produces in acid solutions of ferric salts a very mtense blood-red 
colouration which does not disappear on heatmg with a htfcle alcohol (test for 
presence of feme salts in ferrous salts) In the presence of acetates, oxalates, 
or fluorides, much hydrochloric acid should be added to be sure of the test. 
The soluble feme sulphocyanide can be extracted with ether, and this extract 
will show the colour still better. The test is an exceedmgly dehcate one withL 
a freshly-prepared solution of potassium sulphocyanide. 
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Ferrous Snlphate, FoSO^ + THgO — Copperas; Oreen Vitriol — Ft 
sulphate is formed by dissolvmg iron in diluted sulphuric acid ; it is pre 
on the large scale from the iron pyrites or “ dross ” found in coal. The di 
exposed to the open air m day-lmed pits, and the hquors which coUei 
boiled with scrap-iron in order to reduce the ferric sulphate to ferrous aulj 
they are then evaporated down in leaden pans and allowed to crystallise, 
also obtained as a bye-product in various manufactures The comm 
product forms bluish-green monodimc crystals, which effloresce m the aj 
become yellowish by oxidation, though when pure they are perfectly s 
Ferrous sulphate is readily soluble m water, sparingly in dilute alcoho 
IS msoluble in absolute alcohol and m concentrated sulphuric acid. 100 
of water dissolve of the crystaUised saltjFeSO^ + THjO, at— 


10" 0. 

16" 0 

26" 0 

60"a 

90" 0 

100" c 

Forts 

61 

Ports. 

70 

Farts. 

116 

Farts. 

263 

Farts. 

370 

Farts 

333 


Solutions of ferrous sulphate do not dissociate either on heatmg, 
dilutmg , when oxidised by the air, however, insoluble basic feme suli 
are precipitated, as exemplified in the equation — lOFeSO. + 50 = Fi 
+ 3Feg(SO,)s. 

Basic ferrous sulphates cannot be prepared. 

Ferrous sulphate should not contain any copper, alumina, or zinc, 
crystals often contain free acid by endosmg some acid mother liquor. Fc 
sulphate is very extensively used in various industries. It is one of the 
important and one of the oldest mordants known, and is still exteni 
employed, although it has been largely replaced m wool dyeing by d 
mordants. It is also used as a reduomg agent m the so-called copperas va 

Ferrous Chloride, FeOlg, or Mv/nate of Iron^ is obtained by dissolvmi 
in hydrochloric add, and as a bye-product m the extraction of copper 
spent oxide m the wet way. It forms dehquescent green crystals, havin 
composition FeOlg + 4 H 2 O 

Ferrous chloride is used for the production of logwood black m wool-pn 
and has also been met with as an adulterant m black hquor. 

Ferrous Nitrate, Fe(N 03 )^ is obtamed by dissolving iron in cold d 
nitnc acid Q 11 sp gr ) according to the equation — 8 Fe + 20HNOg = 8 Fe( 
- 1 - 2 NH 4 NOg + 6 H 2 O. It is known in solution only, and is decompoS' 
gentle heat, generatmg mtric oxide and basic feme salt It can 
be obtamed by the double decomposition of ferrous sulphate and b 
nitrate. 

Ferrous Carbonate, FeCOg, is formed on addition of sodium carbon 
the aqueous solution of ferrous salts. It dissolves m water containing cai 
acid, formmg an acid salt, the constituent of many ferrugmous mineral wj 

Ferrous Acetate, Fe( 02 H 302 )o + iHgO — This salt is obtamed by diss< 
iron m acetic acid, or by the double decomposition of ferrous sulphate an^ 
or calcium acetate It forms green monochmc prisms containing 4 mol 
of water of crystallisation, and oxidises rapidly m the air, forming basic 
acetate As the iron must be brought to the fibre m the ferrous state, a 
fixed by oxidation, the ferrous acetate is too unstable to be used as a mo 
It is sometimes employed to produce iron buff on cotton. Impure soluti 
feirous acetates form the very important mordant next mentioned. 

Pyroligmte of Iron — Iron In^or, Black Liquor, — This product is- ob 
by dissolvmg scrap-iron m the so-called pyrohgneous^or crude acetic acii 
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forms a dark olive-brown liquid of metallic taste and peculiar smell, and is made 
to stand at 20 “ to 30 “ Tw. The liquor can also be prepared W the double 
decomposition of ferrous sulphate and crude calcium acetate. SWoligmte of 
iron consists prmcipally of ferrous acetate, and contains a small amount of 
ferric acetate It is generally supposed that the tarry matter from the crude 
acid prevents the oxidation of the ferrous salt. Moyret * has, however, shown 
that the presence of pyrocatechin alone is sufl&cient to impart all the charac- 
teristic properties — colour and stability — ^to ferrous acetate Pyrocatechin and 
its methyl ether, guiajacol, are always present in pyroligneous acid, being 
products of the destructive distillation of wood. 

Pyrolignite of iron is used in cotton dyeing, in greater quantities m calico- 
printing, and in black silk dyeing. 

It may contain as impurities an excess of acetic aad, ferrous chloride, 
ferrous and ferric sulphate, calcium and lead acetate. The value of the 
mordant may be determined by a comparative dye trial 

Ferrous Oxalate, FeOgO^ -f- 2 HgO, is a crystalline lemon-yellow powder, 
almost insoluble in water It is formed on mixmg concentrated solutions 
of oxahc acid and of ferrous sulphate. 

Ferrous Tartrate, FeO^H^O^, is httle known. It is only slightly soluble m 
water. By the action of tartar on iron filings ferrous potassium tartrate is 
obtained. 

Ferric Sulphate, Fe2(S04)8, is obtained by adding nitnc amd to a hot 
solution of ferrous sulphate, which contains the requisite amount of sulphuric 
acid — GFeSO^ + 3H2SO4 + 2 HN 08 = 3Fe2(S04)g + 2 NO -i- 4H2O It can 
also be obtained by the prolonged action of concentrated sulphuric acid on 
ferric oxide. 

The yellowish-brown solution yields on evaporation a syrupy liquid which 
deposits on standing small cryst^s containing water of crystallisation. Sul- 
phuric acid precipitates from the concentrated solution anhydrous salt The 
anhydrous ssdt dissolves but slowly m water ; at high temperatures it is spht 
up into ferric oxide and sulphuric anhydride. 

By boiling the diluted solution, or by incomplete precipitation with 
alkalies, basic feme sulphates are thrown down, the same products are 
formed by oxidation when ferrous sulphate is exposed to the am. A solu- 
tion of ferrous sulphate pelds on oxidation with nitnc and red crystals of the 
composition Fe2(S04)2(0H)2 + I4H2O On dissolvmg m water they dissociate, 
forming an insoluble prenpitate, Fe2(S04)(0H)4 + Soluble basic feme 

sulphates are obtained by addition of sodium carbonate to a solution of the 
normal sulphate — the salts Fe2(S04)2(0H)2 and Fe^(S04)3(0H)Q j they 
dissociate after some hours standing Basic Kilts whici are prepared by 
dissolving feme hydroxide m solutions of the normal salt are more stable, 
but at the same time more expensive The best way to prepare the basic 
ferric sulphates is to oxidise ferrous sulphate with nitnc and in presence 
of an amount of sulphunc acid insufiBinent to form the normal salt (see 
below) 

Feme sulphate is the chief constituent of commercial “ mtrate of iron.” 

“Nitrate of Lron” {Romlle, Germ., Saf^eteraanjures Eiaen) — In cotton and 
Bilk dyeing a liquor which is called nitreUe oj^ iron is very extensively used 
It IS prepared by beating a solution of ferrous sulphate with nitnc acid and 
sulphunc acid, and consists of feme sulphate, basic feme sulphates, and feme 
sulphate-nitrates It does not contain, however, feme mtrate or ferrous 
mtrate , hence the name “ nitrate of iron ” is a misnomer 

Noimal feme sulphate is obtained by the action of nitric and sulphuric 
acid on ferrous sulphate according to the equation which has been stated 
* Tmiwre dea aotea, Lyons, 1878 , p 197 . 
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above. If a smaller quantity of sulphuric add or none at all is £ 
basic ferric sulphates are obtained, for example — 

6FeS04 + 2HNOa + 2HaO = 3E’ei(S04)a(0H)a + 2NO. 

Normal and basic ferric sulphate-nitrates are produced when the qu 
of mtnc acid is iucreased, as shown by the equations — 

1. 6 FeS 04 + SHNOs = 3F'ea(S04)2(N08)s + 2NO + 4HaO. 

2. 6FeS04 + 5HN08 = 3Fea(S04)8(i^08)(0H) + 2NO + H,0. 


Basic salts can also be prepared by adding caustic soda to the soluti 
normal “ mtrate of iron ” j they dissociate, however, after a few hours , 
the product should be prepared from the beginning as basic as requir 
using the corresponding quantities of acids. Basic salts which have bee 
pared by dissolving feme hydroxide in nitrate of iron are more stable 
those obtained with caustic soda j but they are too expensive. 

Liechti and Suida * have examined a number of commercial brai 
mtrate of iron, and prepared the following compounds : — 


1. Fe4(S04)8(OH)a 

2. Fea(S04)2(0H),. 

8 Fea(SO4)a(JNOs){0H). 


Most of the commercial products were found to correspond to th- 
formula^ which was also found to he the best for silk dyemg by Me 
re2(SOJ2.7. One mordant which gives excellent results and is largely 
m Creield is mtermediate between the normal salt ^03(804)3 and 
represented by formula No. 1. It nearly corresponds to the compc 
and contains 11*6 per cent total iron (0*6 per cent, iron i 
ferrous state) and 27 2 per cent. “ SO4.” 

The first compound can be product according to the equation — 

l2FeS04 + 3HaS04 + iHNOa = 8Ee4(S04)fi(0H)2 + 4N0 + 2 H 2 O. 

This equation demands for 72 parts of ferrous sulphate 6 3 pa 
sulphuric add and 12*6 parts of mtnc add (67° Tw.). Moyretf gi 
his book the following prescription which corresponds fairly well t 
equation : — 

A large closed vessel (constructed of stone, cast iron, or even wc 
provided with a wide tube for the escape of the nitrous gases and 
openmga for the introduction of the materials and for a mixer. For IOC 
of nitrate of iron (90" Tw.) 72 parts of ferrous sulphate are necessary, or 
what more, if the crystals contain much mother hquor. The requisite a 
of ferrous sulphate is brought mto the vessel, and after this has been 
a mixture of 6 to 7 parts of sulphuric acid (168“ Tw.) and 10 to 16 p 
mtnc add (67“ Tw.) diluted witn a little water are poured gradually on 
crystals and the mixture is stirred. A reaction sets in and mtrous gai 
given off which can be condensed in homhormes The reaction is first a 
to proceed at the ordinary temperature, and after it has subsided it 1 
pleted by blowing steam in. When no more gases are given off the r€ 
18 complete and the liquid is transferred to reservoirs to cool and to 
The reaction must be well regulated ia order that it may not becoi 
violent, otherwise insoluble basic ferric sulphates are formed wherel 
is caused and the remaining solution will not become basic enough. 

The product has a deep red colour, and should contain about 17 pe 
of feme oxide and but very little ferrous salt or hydrochloric acid ; it 
not give a precipitate with silver mtrate, and, when diluted with much 

* J(mm. Soc. Dyers and Ool., 1885, p. 00. t TeirUvre dea soies, Lyons, 1878, pp. 203 £ 



A MANUAL OP DYEING. 


should give only a blue colouration but no precipitate with red prusaiate of 
potash. T'ernc chloride dissociates very incompletely, and ferrous sulphate 


impedes the dissociation } the same is the case with sodium sulphate, hence the 
presence of these salts is objectionable. The commercial products contain, as 
a rule, some mtno acid which has escaped decomposition. Products of the 
same composition vary often m their tinctorial properties, especially for silk 
dyemg , and their value is best estimated by comparative dye-tnals 

Ferric svl^hate-nit^^ are also sold under the name of nitrate of iron. 
The way to prepare them has been mdicated above. In oxidismg ferrous 
sulphate the sulphuno add is partly or entirely replaced by nitnc acid. The 
products are deep brownish-red solutaons of varying composition, and frequently 
contain ferrous salt. In cotton dyemg an admixture of the latter salt is 
sometimes advantageous. The value is also determmed by the results they 
give in experimentid dyeing. The ferric sulphate-mtrates are used almost 
exclusively in cotton dyeing. On the whole, “ mtrate of iron ” brands which 
are used for cotton are slightly less basic than those made for silk dyeing. 

Iron Alom or Potassimn Ferric Sulphate, Pe 3 K 2 (S 04)4 + 24H2O, forms 
light-violet octahedra, and is soluble in about 6 parts of cold water It is 
analogous to ordinary alum and the other alums. Iron alum is not used to 
any great extent in dyeing. 

Ferric Chloride, FeQlg or FegOlg. — A solution of ferric chloride is obtained 
by dissolving ferric hydroxide in hydrochloric acid, or by oxidismg a solution 
of ferrous cmloride with mtnc acid, with the addition of the required amount 
of hydrochloric acid. The concentrated solution is dark brown and viscid 
The aqueous solution dissociates on heating, and the dissociation point is lower 
• the greater the dilution. If the solution is not too much diluted the normal 
chloride is regenerated on cooling. Basic chlorides are obtained by several 
methods, and some are soluble while others are insoluble in water. 

The ferric chlorides, both the normal and the basic, dissociate too slowly to 
be apphcable in dyeing. 

Ferric Nitrate, Fe(NOg)Q or Feg^NOQ)^ — N^t/rate of Iron — This salt is pre- 
pared by slowly dissolvihg iron in mtno acid. When a precipitate of insoluble 
basic ferric nitrate begins to form the reaction is complete, and no more iron 
is added. ^ A brown-r^ hquor is obtamed, the composition of which varies 
Moyret gives the formula Feg(NOQ)gOH Feme mtrate is sometimes em- 
ployed in silk dyeing, it finds a limited appheation jin black dyemg and in 
produemg iron-bufEa and Prussian blues on cotton 

Feme Sulphocyanide or Thiocyanate, Feg(ON8)g, is obtamed as a blood-red 
solution by dissolvmg ferric hydroxide m sulphooyamc acid, or by the double 
decomposition of feme salts and sulpho^anides 

Ferric Phosphates. — On addition of phosphate of soda to ferric salts, a 
y^owi^-white precipitate of feme phosphate; FePO^ or Fe 2 (PO Jg, is obtamed, 
which IS soluble in diluted mmeral acids, but insoluble m acetic acid. (The 
precipitation becomes complete on addition of sodium acetate ) On this 
reaction is based the fixation of iron mordants with phosphate of soda. 

A solution of ferric pyrophosphate, J’©4(p20^)3, m ammoma has been 
recommended by Persoz as a cotton mordant. 

Ferric Arsenate. — Sodium arsenate produces in solutions of feme salts a 
white precipitate of ferric arsenate, FeAsO. or Fe 2 (AsO Jo, which is insoluble 
in a^tic acK^ but soluble m ammonia with a brown-red colour. Arsenate 
ot soda IS used to fix iron mordants on cotton m Ahzarm dyemg 

Ferric Acetate, Fe( 0 ,H,a )3 or la obtained by the double 

decompoeifcioii of feme sulphate and lead acetate, and forms dark red tablets 
contM^g Wo molecules of water of crystalhsation. Basic salts can be pre- 
pared by addition- of caustio soda to the solution of the normal salt. Accordmg 
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to Lieolhti the nomal salt does not dissociate either on heatin 

or dilxitmg water. basic salts are dissociated by heat, and all tb 
iron is ttoown down on boiling. Increase in basicity, as a rule, lowers th 
dissociation point; in diluted solutions, however, the dissociation point c 
the salt is raised, th^ of 2 ’o 2 (^ 2 ^^ 2 ) 4(^^)2 remains ui 

changed, whereas that of the more basic -salts is lowered. The oasio acetate 
are not dissociated by mere dilution with water. 

Ferric acetates were extensively used in former years for black-dyeing th 
beat qualities of silk, but they seem to have been replaced con^pletely b 
nitrate of iron. 

" Ferrje Nltrate^Acdtat^ is prepared in the following way, according t 
turnings are dissolved in nitric add until the whole becomes 
.paj^^?Enai|d of ' insoluble l^io ferric nitrate, and this mass is subsequent! 
^ lEOt '^tio add, leaviz^ a sl^ht excess of the basic nitrat 

\ t A deep red solution is obtained, which is employed for th 

' 'blaofc^eing of silk intended for plush, because the colour it yields is no 
affected by bot-preasmg. 

Ferric Oxalate, is soluble in water, with a green colour Th 

solution is partly reduced to ferrous oxalate with evolution of carbon dioxidt 
both by boiling and by the action of light 

Ferric Tartrate, Fe 2 (O.H.Og) 8 , is very little known. 

Alkaline Iron Moraants {F&mtes), — Ferric hydroxide does not dissolve i 
caustic alkalies , the presence, however, of certain organic substances, notabl 
glycerin or glucose, in solutions of ferric s^ts prevents the precipitation of th 
feme hydroxide by alkahes, and thus an alkaline Solution of ferric hydroxid 
can be prepared, which rea^y dissociates. Koechlin * baa recommended th 
following mixture for preparing cotton piece goods : — 2 measures of nitrate ( 
iron (76“ 2 measures of caustic soda (66“ Tw.), and 1 measure of glyceri 

(48" Tw.). tiurgemeister proposed a ferrous hydroxide solution to be prepare 
by mixing 1 kg (1 lb.) of ferrous sulphate, 60 htres (6 galls.) of caustic sod 
(70“), and 2 litres (1 j pints) of glycerin. These alkaline mordants have hard] 
found practical apphcation, since they are expensive, and their strong alkalmil 
IS objectionable An alkaline mixture has b^n us^ for a long time, accordn 
to S. Balanche, in an Alsatian print works, to produce buff-yellow shades c 
cloth for linings. 20 parts of nitrate of iron (80" Tw.), 60 parts of glycen 
and 20 parts of ammonia are mixed and suitably diluted The goods a 
impregnated with the mixture, and exposed to the air, when the ammon 
IS volatilised, and insoluble feme hydroxide rema m s m the fibre 

Prussian Blue — By the reaction of ferrous and ferric salts with yellow ar 
red prussiate of potash, several compounds are produced 

Yellow prussiate and ferrous salts produce together a white compoun 
which oxidises rapidly in the air to form Prussian blue. The white compoui 
probably baa the composition El^e(C!N’)gFe. Ferric salts produce m 
solution of yellow prussiate which contains an excess of prussiate a bli 
precipitate of ferric potassium ferrocycmide, El 2 Fe 2 (ONj 3 )Fe 2 . This substanc 
usually called Soluble Prussum hlue^ dissolves, when pure, in water with 
blue colour, and is precipitated from the solution by salts. 

TurnbulVs blue or ferrous ferricyanide, or (Fe 2 ) 2 (Fe 2 ) 8 (CN) 2 ^ 

forjued by precipitating ferrous sulphate with r^ prussiate, and, final] 
Williamson's blue or Insoluble Prussian 6 Zite, ot ferric ferrocycmidey FeY(ON)]g 
(Fe,) 4 (Feo) 8 (ON)qo, is obtained, together with the soluble form, when a soluti' 
of yellow prussiate is added to a solution of feme chloride. The sai 
compound is obtamed by the action of chlorme or nitno acid on Tumbul 
blue, or by precipitatmg the soluble Prussian blue with feme chlonde. 

* Joum, jSoc. Dyers and Col,f 1886, n. 18: *6.. 1886, p. 147. 



266 


A MANUAL OF DYEING. 


The pifffnent Pruasiam, blue is prepared by precipitating a solution of 
copperas with yellow prussiate of potash and oxidising the white product 
wim nitrio acid. It forms an intensely blue powder or lumps having a 
coppery lustre, and consists of mixtures of the various blues It is quite 
insoluble in water, but dissolves in ammonium tartrate with a violet, and m 
oxalic acid with a blue, colour. It is insoluble in the mineral acids and is not 
afiFected by them, but it is decomposed by alkahes with formation of feme 
hydroxide and ferrooyanide j for instance — 

FevCONlifl + 12KOH = 8K4Fe(CN)8 + 4Fe(OH)8.’ 

Hydrofeirocyanio acid, H4Fe(ON)g (or an acidulated solution of yellow 
prussiate), is dissociated on boiling ; hydrocyanic acid escapes, while a white 
precipitate of an acid ferrous ferrocyanide is formed — 2H4Fe(CN)Q = GHCN 
+ H2Fe(CN)gFe The same reaction is used for the preparation of hydro- 
cyanic acid 

If an oxidising agent is present— re p., red prussiate — the reaction is some- 
what different, and WiUiamson^s blue is formed together with hydrocyanic 
acid — H4Fe(ON)0 Og =» Fe7(ON)i8 + 24 HCN + 2H2O. Use is made of 
this reaction for the production of Prussian blue in wool dyeing and in 
calico-printing In the latter case a mixture of yellow and red prussiate and 
tartanc acid, with or without the addition of stannous chloride, is printed on 
the material and then st^med. 

APPLICATION OF THE IRON SALTS TO THE 
TEXTILE FIBRES- 

Iron salts are very extensively applied in dyemg and printing Ferrous 
sulphate serves as a reducing agent m the preparation of the mdigo-vat (lime 
and copperas vat) , hydrated feme oxide is precipitated in the fibres to produce 
iron-buff shades and Prussian blue, and sometnnes feme salts serve as 
oxidising agents — e.g ^ to prevent Aniline black from turning green The 
apphcations of iron salts in dyeing for mordanting purposes and for weightmg 
silk which is to be dyed black are of great importance. This last operation 
cannot be considered a mere mordantmg, since much more of the mordanting 
body is deposited in the silk fibre than would be required to obtain the desired 
shade, the mtention bemg to increase the weight and bulk of the silk 

Application to Cotton and Linen. — (1) Ferrems Sulphate or Copperas is used 
in cotton dyeing. Its use, however, has been greatly HiTniTnah^ of late by 
the introduction of the direct cotton colours and the sulphide colours It 
is applied on tannin exactly like the feme salt, and is ^so used similarly 
in tme production of iron-buff shades. Sometimes it is used for darkening 
or “saddening” certain Aniline colours which have been previously fixed with 
a tannin-mordant. In many oases the material (pieces) is first impregnated 
with a boding decoction of a natural dyestuff or mixture of dyestuffs, such 
as logwood, fustic, peachwood, cutch, <fca, and subsequently passed through 
a cold solution of ferrous sulphate 

Probably the commonest way of applying copperas in cotton dyeing 
(especially for blacks) is to prepare with tannin, pass through dear lime 
water, and then through the copperas solution, or llirough the latter before 
the lime water By the double decomposition of the ^dum tannate and 
copperas, ferrous tannate is fixed on the fibre and calcium sulphate is formed, 
which is subsequently removed by washmg The ferrous tannate is rapidly 
oxidised in the air to feme tannate. 

Ferrous sulphate leaves only a very small quantity of iron on the fibre by 
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impregnating (padding) and agemg, hence it cannot be advantageously applied 
by this method 

(2) Ferrous Acetate or Blaok Liquor is not much employed in yam 
dyemg, smce for this material it offers no advantage over nitrate of iron, 
which IS a cheaper article It can be apphed exactly like this product on 
goods previously mordanted with tannin. In the dyemg of cotton piece 
goods and in caJico-prmtmg it has been extensively used as a mordant in the 

E reduction of blacks, purples, browns, &a Ferrous acetate is applied exactly 
ke aluminium acetat^ by impregnating the fibre, drymg, and agemg But 
there is this difference, that die alummium salt is merely fixed by the loss 
of acetic acid, whereas the iron salt loses acid and is oxidised to form a feme 
compound. It is essential that the mordant be mcorporated with the fibre 
in the ferrous state and be slowly oxidised while the acetic acid escapes, 
smce feme acetate cannot be fixed and is removed bjjr the “ dunging ”-bath. 
According to Schlumberger the best results m dyemg are obtained if the 
iron is m a state of oxidation mtermediate between ferrous and feme oxide 
An energetic and rapid oxidation by passmg thi*ough oxidising agents, like 
chloride of lime or bichromate, would not yield good results ^e oxidation 
is regulated and restrained withm definite limits by addmg certam oxidisable 
substances to the mordant. A solution of white arsenic m acetic acid, to 
which some glycerin is added, is used for this purpose Such a solution 
IS called pmrple fixing Ivquor, 

Black liquor is sometimes mixed with red liquor to obtain chocolate shades, 
and m this case a salt of copper is added to the fixing hquor. It is difficult 
to fix the mordant when pnntmg a mixture of iron and aluminium pyrohgnite. 
Oscar Scheurer * has explained this circumstance by the fact that red hquor 
generally contains sulphates which form ferrous sulphate by double decom- 
position Ferrous sulphate is a bad mordant, which leaves, on agemg, only 
a small amount of oxide on the fibre, whilst the same salt, with an addition 
of arsenic and a salt of copper, fixes much more Scheurer has substituted, 
with good results, phosphoric acid for the arsenia 

The goods which have been mordanted with black hquor are passed, after 
agemg, flirough the dungmg-bath m the same way as those treated with red 
hquor, cow-dung, arsenate, phosphate, or silicate of soda, (fee., are used; all 
give good results. 

(3) Nitrate of Iron is the most important ferric mordant used in cotton 
dyemg A basic salt which holds an mtermediate position between the normal 
salt, F 82 (S 04 )g, and the basic salt, Fe 4 (SO^)^(OH) 2 , is generally used Basic 
feme sulphat^nitrates of a similar composition are also frequently employed 
in cotton dyemg, as has been stated before. 

The material may be mordanted by simply saturating it with mtrate of iron 
(3° to 6° Tw ), and subsequently passmg it through a weak solution of caustic 
soda, soda ash, hme water, or cnalk The operations are repeated until enough 
feme hydroxide is deposited m the fibre In this way cotton is dyed iron-buff 
and blue (with prussiate) Another method is to prepare the material first 
with tanmn (p. 189), and subsequently work and soak it for thirty to 
sixty mmutes m a cold bath of nitrate of iron {2° to 4" Tw ) In this way an 
msoluble ferric tannate is produced in the fibre. To facilitate the formation 
of the salt by double decomposition it is advisable to previously pass the goods, 
after mordanting with tanmn, through clear lime water, whereby calcium 
taimate is formed, and the formation of free acid m the iron liquor is pre- 
vented. A strongly caustic lye, however, would destroy the tanme acid After 
the material has been steeped m the iron liquor, it is washed well m water 
to which a small quantity of chalk is added with advantage, smce it pre- 
* Joiim, Soc, Dytre and Col,, 1887, p 193. 
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iipitates the ferric hydroxide more completely in the fibre, and removes all 
ree acid. 

Goods which have been mordanted with ferric salts alone show a buff to 
Drown colour ; those mordanted with tqnnate of iron have a hght brown or 
ight grey to brownish-black or bluish-black appearance, the brown or blue 
Deing more decided according to whether the goods have been prepared with or 
vithout lime water The (tok colour prevents the apphcation of iron mordant 
or light shades; iu the production of dark colours tannate of iron serves 
Dartially as a mordant, partially as a aelf-colour, smce it enAbles the dyer to 
Droduce full shades with relatively small amounts of colour. 

J^erric JSfitraie has a limited use m produomg iron-buff and black shades. 
Ct is apphed exactly like “nitrate of iron ” 

Jute is mordanted with copperas for blacks, the mordanting taking place 
ifter the impregnation with logwood extract. 

Application to Wool . — Ferrous sulphate or copperas is practically the only 
ron salt which is used in wool dyemg. Formerly it was very extensively 
employed in dyeing logwood blacks, but since that time it has been replaced 
dmost completely by potassium or sodium bichromate. It is employed in 
5onj unction with logwood for the production of cheap blacks, which are 
•equired to be fast to hght, the logwood blacks on chrome mordants being 
iable to turn ^een (see Logwood) 

Ferrous sulphate has b^n used more frequently for the fixation of wood 
mdIouts to produce brown shades It is prmdpaJIy apphed by the so-called 
luffing cmd aaddenvng method, the wool b^g boded first with a decoction of 
he dyewooda for about one hour, and after addition of 5 to 8 per cent, copperas 
or one half hour more , sometimes a certain amount of sumach is added to the 
lecoction of the woods to sadden the colour. Ferrous sulphate is also employed 
or darkening the shades of the Alizarms and other mordant colours by being 
idlded to the exhausted dye-bath, and the boilmg bemg contmued for fifteen to 
hirfcy minutes. 

The application of ferrous sulphate by the mordcmimg (md dyevng method is 
expensive, since comparatively large quantities of tartar or oxalic acid are 
■equired to produce good colours With tartar m the mordantmg-bath the 
vool receives a pale yellow colour, ferrous hydroxide probably bemg fixed by 
he fibre , without the addition of tartar a basic sulphate is precipitated in the 
Ibre, which gives to the wool a deep reddish-brown colour 

Oopperas also, if used by this method of dyeing, is generally combined with 
)lue vitriol. The usual proportions are 15 to 20 per cent, copperas, 2 to 4 per 
sent, blue vitnol, and 3 to 6 per cent, tartar or oxalic add. The mordanted 
vool is allowed to he until the next day, the effect of mordanting bemg im- 
iroved thereby. 

For the production of Prussian blue on wool either yellow or red ferro- 
syanide of potassium, or a mixture of both, is used (see under Mvnerol Colours). 

Application to Silk.* — Iron salts are very important materials for the 
iroduction Of block silk, both for mordanting and for weightmg the goods 
see Black Dyemg of 8%lk imder the headmg Logwood). 

Ferrous Sulphate is not extensively employed for this purpose It is used 
a silk dyeing for the production of the so-i^ed “Enghsh bla<k” (novr cmglaw) 
see Black Dyemg of Silh\ 

ByQ^ol%gmte of Iron (pied de fer) is employed very extensively on raw silk, 
^hich has been previously prepared with tannin. The silk is first impregnated 
t 40° to 46" O with a solution of tannic add, generally in the form of chestnut 
xtract I a quantity of extract standmg at 16° Tw., equal to the weight of the 
Jk, is used. After the silk has been saturated with tannic acid, it is worked 
* See also P. Heermann, l.c,^ p. 238. 
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for a short time at 60" to 60" in a liquor of pyrolimte of iron (about 13“ to 
16“ Tw.), wrung and exposed to the air for h^ an hour, again passed through 
the iron hquor and hung up once more, and finally rinsed well in running 
water. The silk absorbs by this treatment 30 per cent, of its own weight, and 
in most cases has not yet received the desired weight or colour By the treat- 
ment with pyrohgnite it has become capable of absorbing a fresh quantity of 
tannin matter, and is now mordanted agam with chestnut extract as before, 
but half as much more extract is used. The silk loses m appearance by the 
second tanning (but this is restored later by the iron mordant), and the fibre 
swells up. After the second tanning the silk is rinsed in running water, and 
then mordanted agam m pyrohgmte as before It has now acquired a good 
bluish-black shade, and has taken up altogether 70 per cent of its own weight. 
The weighting can be increased by one or more repetitions of the mordanting 
with tannin and iron to 130 or 200 per cent. The quality of the water is of 
great importance ; if hard water is used the weightmg is much more effective 
than in soft water, which latter necessitates a more frequent repetition of 
the operations. 

The silk, which has lost its lustre by these operations, is now worked in a 
softening bath consisting of 30 to 4:0 per cent, white soap (of the weight of the 
silk) at the ordinary temperature, washed in running water, and then subjected 
to the brightening process. The brightening bath is prepared with sufficient 
hydrochlonc acid to give a sour taste, and is used lukewarm 6 to 12 per cent, 
of ohve oil (m proportion to the weightmg smaller or larger percentages) is 
added to the bath m a state of fine division, and the silk turned four to six 
times, wrung out, and dried at a low temperature. It has now regained its 
lustre, and acquired the pecuhar crunchmg sound called the “ scroop.” 

The pyrohgmte bath is used contmuously, and mamtamed at a strength of 
13“ to 16° Tw. by adding fresh hquor The n*ee acid which is hberated by the 
mordantmg process is neutralised by addmg iron filings to the bath and heatmg 
to mcapient boihng , the scum whidi is formed thereby rises to the surface and 
IS removed. The old method was always to have some iron filings m the bath, 
but a better plan is to hang a basket of iron filings in the upper part of the 
hquor from time to time, and to give the bath time to restore its neutrality by 
dissolving sufficient metal. 

The bluish'black shade which the silk acqmres by the treatment with 
ferrous salt cannot be obtained easily with feme salts; oxidation seems to* 
be an important factor, and if it proceeds too rapidly the colour is liable to be 
irregular 

Por certam kmds of blacks a weak bath of pyrohgmte is used between two 
tanmn-baths for the sole purpose of improving the shade, not for weightmg 
(see Black Lyevag of Sxlk) 

N%i/raie of Iron is used m large quantities for black dyemg and weight- 
ing of raw silk and boiled-off silk. Since silk which has been saturated with 
tannic acid becomes more or less impervious to feme salts, and, in addition, 
tanmo acid would be destroyed by the oxidising action of feme nitrate m the- 
mordantmg-bath, the treatment with mtrate of iron precedes the tannmg 
A basic salt of the composition Fe 4 (S 04 ) 5 ( 0 H )2 is most generally employed, as. 
has been stated before, and this is readily dissociated, the silk attractmg very 
considerable amounts of feme hydroxide Other ferric salts are employed 
m the same way The mordantmg of raw and hoiled-off silk is essentially 
different. 

Raw Silk is first worked m a tepid bath of sodium carbonate, washed and 
wrung out, and then worked in a cold bath of nitrate of iron at 16“ Tw. After 
half an hour to an hour it is wrung out, well rmsed in running water, steeped 
for thirty minutes m a soda-bath (the temperature of which must not exceed 
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40” to 50®) j and, finally, turned several times m cold water. This senes of 
operations may be repeated two, three, or four times, according to the depth of 
colour and the amount of weighting required 

Bodedroff Silk is mordanted in a much stronger bath of nitrate of iron, 
62" Tw. being the usual strength. The matenal, which has been 'well rinsed 
after bemg boiled of^ is worked for half an hour to an hour in the iron hquor, 
washed in running water, wrung out, and worked for one hour in a boiling 
soap-bath to fix the feme hydroxide. The soap-bath consists of boiled-off 
hquor, to which are added 12 per cent, of olein soap and 2 per cent, of soda 
crystaJs (of the weight of the silk) j it is essential that it should be actually 
boiling. The soap-bath is used continuously, the hquor from the silk bemg 
allowed to run back, and each time fresh additions of soap and soda are made ; 
after each operation the bath is boiled up again in order that the iron soap 
formed may nse to the surface and be skimmed ofiP. The silk which has been 
drained into the soap-bath is washed, first in a tepid soda solution, then in 
running water, and finally wrung. It has now acquired a brown colour, 
whereas it was pale yellow when it came from the iron hquor. The series of 
operations can now be repeated seven to eight times if necessary As the silk 
IS hable to be tendered by feme salts on diymg m the air, the m&tenil shoTild 
not be allowed to dry when charged with the mordant ; if it cannot be worked 
up directly, it is left in the mordanting-bath or well covered up with wet 
sheets 

The nitrate of iron baths are permaneni^ and the hquor which is drained 
from the silk is returned as completely as possible, since, in spite of the low 
pnee, the expense for nitrate of iron is considerable The specific gravity of 
the baths is carefully mamtoined at the same degree by additions of fresh 
liquor. 

Baw silk seems to possess a strong afiinity for iron salts, smee it takes up 
a large quantity from comparatively weak solutions ; the subsequent rmsmg in 
water completes the dissociation, and removes the hberated acid salt before the 
basic salt is fiixed by the soda-bath. 

Boiled-off silk shows no affinity for the iron salts. The mordant is simply 
absorbed by the fibre and dissociated into a basic salt, which is precipitated 
in an insoluble state m the fibre, and an aad salt which is washed out , by 
systematic washmg nearly all the iron salt can be removed, according to 
Moyret (^.o.) Hard water is much better for the washmg of boiled-off silk m 
this phase of mordantmg, smee it fixes greater quantities of iron. Whereas 
the raw silk binds the mordant chemically, m the boiled-off silk it is simply 
deposited, and hable to dissolve in the foUowmg iron hquof-baths. To prevent 
this it IS subjected to the high temperature of the boiLmg soap-bath, whereby 
it 18 converted into a leas soluble hydroxide j an iron soap is not formed m 
this case 

By each operation of mordantmg with mtrate of iron the raw or discharged 
3ilk increases about 4 per cent, m weight , it Acquires thus a deep brown colour 
and loses none of its lustre 

The washing of the mordanted silk is generally done with the aid of 
gpecioUy constructed washmg machines (see MaGh%nery) 

The weightmg of silk with feme oxide for black-dyeing is frequently 
followed by a treatment with ferroqyanide of potassium to produce Prussian 
blue This treatment weights the silk still further, but it also produces 
a. dark navy-blue bottom which yields a fuller and finer black than can be 
otherwise obtained. In addition the silk is better disposed to take up tanmn- 
Bubstances after the blue dyeing 

Baw silk and boiled-off silk are again treated m different ways, smee they 
3ontam the oxide of iron forming the basis of the Prussian blue m a different 
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state. Baw silk offers the oxide in a form which combines easily with the 
ferrocyamde, whereas the feme oxide which has been precipitated by a hot 
soap-bath in the boiled-off silk is not easily affected and requires a higher 
temperature About 10 to 20 per cent, of yellow prussiate of potash are used 
for each bath, in proportion to the weightmg with oxide of iron which the silk 
has received previously, an excess is not mjunous. In addition, a quantity of 
hydrochloric acid equal to the prussiate is required. An excess of acid may 
decompose the prussiate, as is indicated by the mtensely blue turbidity of the 
bath j it IS also injurious to the fibre, and the blue is not fixed weU. 

Raw adh is first placed m the bath which has been prepared with the 
prussiate and with about one-half of the hydrochloric acid required at 30“ to 
35" 0. The silk is worked for half an hour in the bath and then lifted so as to 
allow of the rest of the acid being added, while the temperature is raised to 40". 
The material is then replaced in the bath and worked as before, wrung out, and 
washed in fresh water. It is then ready for the following dyeing and weighting 
operations, and has a blue, almost blad^ colour, the depth of which depends on 
the quantity of feme oxide already fixed 

Boded-off aUk is treated at a higher temperature in order to cause the feme 
oxide to combme with the ferrocyamde ; otherwise the process is precisely 
similar Enter at 30" C., turn the silk about ten times, heat to 45°, turn a few 
times, add the other half of the acid and heat to 50" to 56", turn agam a few 
times, wring out and wash well in water. The dyeing should take not less 
than thirty minutes , the temperature may be earned to 60", but not higher. 

The baths of yellow prussiate are not used oontmuously — ^neither for raw 
nor for boiled-off silk They are thrown out each time ; if the nght quantities 
are employed, they are nearly exhausted. In the same bath only such lots of 
silk should be dyed as have been prepared with nearly the same quantities 
of feme oxide — % e , those which have passed through nearly the same number 
of mordanting operations, 

TIN (Staivn/im)j Sn = 119 

Tin is di- and tetravalent. It forms a bluish-white metal of 7*3 specific 
gravity, which melts at 235", and volatilises at a strong white heat. It is soft, 
malleable, and ductile, but not very tenacious, and possesses a crystalhne 
structure. Tm does not lose its lustre m the atmosphere, when heated 
strongly it takes fire and forms stanme oxide (SnOg) It dissolves m strong 
h drochlonc acid with evolution of hydrogen, forming stannous chloride 
{SnCL), the metal is attacked with great energy by strong nitric acid, mtrous 
gases oemg given off and stanme oxide formed. Tm is frequently employed, 
m consequence of its not being easily attacked, as a Iming for dye-vats, 
especially for cochmeal scarlets on wool and m silk dyeing 
Tm combmes m two proportions with oxygen to form — 

(li Stannous Oxide or Tin Monoxide ^nO). 

(2) Stannic Oxide or Tm Dioxide (SnOg) 

Stannous Oxide, SnO, is a black powder that rapidly absorbs oxygen ; it is 
prepared by heatmg stannous ^droxide in a current of carbon dioxide 

Stannous Hydroxide, Sn(OBt) 2 , is obtained as a white powder on adding an 
alkahne carbonate to the solution of a stannous salt. It is soluble in caustic 
potash or caustic soda, not m ammonia. Stannous hydroxide is a weak base 
and a weak acid. The salts in which it acts as a base are called ata/n/ruyua aalta, 
those m which it acts as an acid atcmnitea On boilmg a solution of stanmte of 
sodium tm is thrown down and sodium stannate formed , but, if it is slowly 
-evaporated, stannous oxide is deposited. 



A MANUAIi OF DYEING. 


272 

Stamums salts are produced by diesolving metallio tin or stannous hydroxide 
in acids j they are colourless, and are mostly decomposed by high temperatures 
Those which are soluble in water redden blue litmus and have a di^greeabl( 
metallic taste They absorb oxygen from the air and are strong reducing 
agents Sulphurettm hydrogen precipitates from the acid and neutral solu 
tions dark brown stannous sulphide, which is soluble in caustic potash or sodi 
and m the alkahne polysulphides 

Stannic Oxide, SnOg, occurs native as tin stone, and can be prepared, bj 
heating tm m a current of air, as a white powder, which is insoluble in acidi 
and solutions of the alkahes ; when melted with caustic soda, it forms stannatc 
of soda. GiVo sicmnic kycb^oxides of totally different properties are known— 
stcmnio hydroxide or stannic acid and metastmmw acid 

Stannic Hydroxide or Stanmc Acid, HaSnOg, is obtained as a white pre 
mpitate by adding ammoma to the solution of a stannic salt or an acid tc 
a solution of stannate of soda. It is slightly soluble in water and reddens blue 
litmus ; it dissolves readily in hydrochloric, mtnc, and sulphuric acids, ir 
caustic potash and caustic soda , it is both a weak acid and a weak base, the 
acid character bemg prevalent. The salts in which it acts as an acid are called 
stcmnates, the most important of which is stannate of soda (see below) The 
soluble stannates have a strong alkolme reaction, and are decomposed even bj 
the carbomc acid of the air, stannic hydroxide bemg separated. The salts in 
which stannic hydroxide acts as a b^e are called stamiic salts They are 
colourless. Those which are soluble m water have an acid reaction, a disagree- 
able metallic taste, and are decornposed by strong heat. Sulphuretted hydrogen 
precipitates from acid and neutral solutions of stanmc salts yellow stanmc 
sulphide, which is soluble m alkahne sulphides Most of the neutral salts oi 
the alkahes, notably seiium sulphate and ammomum nitrate, precipitate 
stannic hydroxide from the aqueous solutions, unless a great amount of acid be 
present m the free state. 

Metastannic Acid, H^SnOg (^), or HjQSngOjg (1), is obtamed by heating tir 
m concentrated nitnc acid as a white powder, which is not readily soluble ir 
adds or in alkahes It is both a weak acid and a weak base. It is formec 
wherever tm is violently acted upon by nitnc add — i.e.i when the latter i£ 
too concentrated or the temperature employed too high. The formatior 
of metastannic acid durmg the preparation of tin mordants is called “ firing ” 
it must be avoided, smce this substance has no mordantmg power and itt 
generation involves loss of tin.* 

StannouB Chloride, SnOlg (Tin Crystals or Tm Salt, SnOl^ + 2H2O),— 
This salt is prepared by dissolving tin in hot hydrochlonc acid ; it forms ir 
the anhydrous state a white transparent mass which melts at 260" and car 
be distilled without bemg decomposed. From the aqueous solution monoclim< 
crystals ar^ obtamed which contain two molecules of water of crystallisatioi 
(SnClg + 2 H 3 O) and which are known commmercially as tm crystals 

Staanous chlonde in the crystalhne form dissolves with absorption of hea 
and IS soluble in 0*37 part of water The dear solution becomes turbid 01 
dilution with water, insoluble basic stannous chloride or oxychloride bein^ 
separated by dissociation — SnClg + HgO = SnCl(OH) + HCl The same pre 
cipitate IS produced by the action or the air on the clear solution — 3SnCl 
+ HjO + 0 = 2SnCl(OH) + SnCl^ 

Tin crystals are oxioised m the same way by exposure to the air 
The basic chlonde redissolves on addition of hydrochlonc acid 

Stannous chlonde dissolves readily m alcohol, and forms crystallme doubL 
salts with the alkahne chlorides. Solutions of stannous chloride which hav^ 

* Aa to the detection of metastannic acid, see H. Bayerlein, Lehne’s Fdurber ZextunQ 
1907, p. 241. 
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been prepared by dissolving tin in bydroclilorio acad witbont crystallising are 
sold -under the names smgle rrmriate of tin and double mwriate of tvn^ acoordinff 
to their lower or higher specific gravity (60^" to 120 " Tw ) Their composition 
vanes , owing to an excess o£ acid they are less prone to dissociate • mg-n tin 
crystals. 

Stannous Sulphate^ SnSO^ is obtained by dissolving tin or stannous 
hydroxide in diluted sulphunc acid. The solution yields minute, granular, 
and very soluble crystalsj and is dissociated by diluting with water. * 

Staimous Nitrate, Sn^NOg),, is known in solution only. It is obtained by 
dissolving tin or stannous hydroxide in diluted mtrio acid. In the former case 
ammomum nitrate is formed — ' 

4Sn + lOHNOa = 4Sn(N08)9 + NH 4 NO 8 + SHaO. 

Stannous nitrate is usually prepared by dissolvmg tin in form of bars 
* (gram bar tm) — ^not granulated tm — in eight times their weight of mtnc 
acid (32" Tw.); the acid must be free from the lower oxides of nitrogen 
Oare is taken, by addmg the tin bars slowly and keeping the add cool, 
that no nitrous gases are given off ; if the reaction becomes violent the mass 
IS liable to “fire,'^ metastanmc acid being formed, which has no mordanting 
properties. The deep yellow solution of about 60® Tw becomes turbid m 
the air, and deposits a white precipitate on long standing 

Woollen dyers use stannous mtrate m the production of cochineal scarlets 
under the names of mtrate of tvn, ecarlet spimta^ howl apvrita 

Tm Spirits is a general term in the dyemg trade, given to a great variety 
of solutions of tm, in the preparation of which other acids besides hydrochloric 
acid, notably sulphuric, nitnc, and oxaho adds, are used; along with these 
acids some salt^ 6 .^., nitrate of sod^ salammoniao or common salt are 
employed, the utility of which often appears doubtful They are chiefly 
used in wool dyemg m the production of certam colours with the natural 
colouring matters, and are h^rgely prepared by the dyers themsel7es, who 
have therp own peculiar recipes, on the virtue of which they beheve their 
success depends. The value must be determmed by a practical dye-tnal See 
also Cotton Spirits^ p 275 Smce the mtroduction of the artificial dyestuffs 
these tm spirits have lost their former importance. 

Yellow^ Oromge, ScaHe% Red^ ATno/rcmth, Fwrple^ Plvm^ Fuce SpiHt, AnUvne 
Spirit, ScaHet Fvnuhmg Spynt, and the like are all prepared by dissolvmg tm 
m mixtures of hydrochloric, sulphunc, mtnc, and other amds, or by adding 
one or several of these adds to the solution of stannous ohlonde 

The difference m the value of these mixtures is greatly imagmary, and 
the better results which some dyers obtain with their peculiar preparations 
are more due to the care and expenence m making them than to the nature 
of the amds. The state of oxidation m which the tm is dissolved is of prime 
importance , for woollen dyeing the stannous salts are best, whereas in cotton 
and silk dyeing the stannic salts are chiefly employed. 

Stannous Acetate, Sn( 02 H 302)23 is prepared by the double decomposition of 
a solution of tm crystals, addulated with acetic amd, and lead acetate. The 
colourless solution, which dissociates readily both on gentle heating and on 
diluting, IS employed in calico-prmtmg 

Stannous Oxalate, SnO^O^, is obtamed as a white crystalhne powder on 
addition of oxaho amd to solutions of stannous chloride It is soluble m 
the solutions of alkalme oxalates, forming double salts In mordanting wool 
with a mixture of stannous chloride and oxaho amd the prempitate which forms 
at first disappears. Under the name of oxalate of tvn, mixtures of tm spirits 
containing oxalic amd are sometimes sold 

Stannous Tartrate, Sn(O 4 H^O 0 ), has scarcely been studied. Stannous 
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^droxide is only sparingly soluble in tartaric add, but dissolves easily m 
rtar. Stannous tartrate is rapidly dissociated by heat and by water , it is 
)t a good wool mordant. 

Stannic Chloride, SnCl^ (Os^wriate of Tvn) — In the anhydrous state the 
It is obtained by passing a current of chlorine gas over heated tin foil ; it 
a colourless liquid, which boils at 120®, and does not become solid at-29“. 

» fumes strongly m the air and combines with water, forming several cry- 
allin© hydrates which are very soluble in water — SnOl. + SHgO , SnCl^ 
SHgO j SnOl^ + Stannic chloride is prepared on the large scale by 

le oxidation oi solutions of stannous chloride wilh chlorme gas or nitric acid, 

• chlorate of potash — 

t5ii01j ^ 01] s: SnCi^* 

SSnCa, + 6HC1 + 2HN0, = SSnOX + 2N0 + 4H,0. 

aSnOl] + 6Ha + KOlO, = S8n0l4 + KOI + SHjO. 

in crystals are dissolved, for example, in h^drodilonc add aad boiling water, 
id potassium chlorate is added until the colourless solution becomes yellowish, 
id smells of chlorme. The reaction must nob become too vehement, else 

laoluble metaatannio add is formed. For 1 kg. (10 lbs.) of dry crystals 

inOlg 2HnO) there are required about 1,300 grms. (13 lbs.) of hydrochloric 
rid (26® Tw.), 3J litres (^ galls.) of boilmg water, and 1,800 grms. (18 lbs ) 

* pouaasium chlorate With a deficiency of hydrochlono acid the solution 
ecomes turbid ; if the slight excess of chlorine has not disappeared after the 
quor has become cold, it is neutralised with a little stannous chloride About 
600 grms. (16 lbs ) of SnOl^ + SHgO are obtained, if an msufficient quantity 
’ water is used ciystals of a double salt of stannic chloride and potassium 
iloride will form. Anhydrous stannic chloride is now manufactured by the 
ition of chlorine gas on tm-plate waste. The product is a colourless liquid 
P 2*26 specific gravity and contams 46 4 per cent, of tm. It is free from iron, 
lad, nitrates, sulphates, stannous chloride, metastonmo acid, salt, free acid 
ad free chlorine.* 

Staimio chloride is sold in monoclinic crystals, SnOl^ + 6H2O, or as an 
^ueoua solution. The foUowmg table gives tiie specific gravity and strength 
E solutions of pure stannic (Monde (SnCi^ + BHgO) at 16°, accorchng to 
erlach : — 


Bpaolflo 

Per (Tent. 

Speolflo 

Per Cent 

Speolflo 

Fei Cent 

ca-ravity 

Sii 0 l 4 *^ 6 HjO 1 

Gravity 

SnOl^ + 6 H 3 O 

Gravity 

SnCU+SHaO. 

1*012 

2 

1*227 

34 

1 638 

66 

1*024 

4 

1 242 

36 

1*563 

68 

1 036 ' 

6 

1 259 

38 

l*6b7 

70 

1*048 

8 

1 276 

40 

1614 

72 

1*069 

10 

1293 

42 

1 641 

74 

1*072 

12 

1 3i0 

44 

1*669 

70 

1*084 

14 

1329 

46 

1698 

78 

1 097 

16 

1*347 

48 

1 727 

80 

1*110 

18 

1366 

60 

1 769 

82 

1-124 

20 

1 386 

62 

1*791 

84 

1*137 

22 

1 408 

64 

1*821 

66 

1*161 

24 

1 426 

56 

1 8)9 

88 

1*166 

26 

1*447 

63 

1 893 

90 

1*180 

28 

1 468 

60 

1 932 

92 

1 1^5 

30 

1*491 

62 

1 969 

94 

1*210 

32 

1514 

64 

1 988 



P. Heermaxm, Fiirher Zeitung, 1907, p. 34. 
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The following table of the specdfio gravity and strength of solations 
pure stannic chloride has recently been published by P Heennann {Gh&m/. 
Z&itwag^ 1907, p. 680) 



Per Cent Sn 


Par Cent. Sn 

*>36 

Percent Sn 


Per Cent 

66 7 

20 46 

68 

26*84 

60 

22 20 

32 

14 00 

66 

29a2 

67 

26 38 

49 

21*74 

31 

13 66 

64 

28*64 

66 

24 93 

48 

21 29 

30 

13 11 

63 

28*17 

66 

24 47 

47 

20 83 

29 

12 67 

62 

27 70 

64 

24 02 

46 

20*83 

28 

12 23 

61 

( 27 24 

63 

23 56 

, , 


27 

11 79 

60 

26 77 

62 

2311 

34 

14 90 

26 

11*35 

69 

26 30 

61 

22 65 

S3 

14 45 

26 

10 91 


The tables of Gerlaeh and Heennann a.^ee well with each other. 

Diluted solutions of stannic chloride dissociate on long standing only ; 
boihng, stannic hydroxide is precipitated at once — 

SnOl^ + 3H]0 = Sxi03Ha + 4HCL 

Stannic chlonde combines with many chlondes, forming crystalline o 
pounds — SnG^ + 2SOb and SnOl^ + POIq. With the chlorides of 
alkah metcds it forms crystallised double salts 

Stannic chlonde is an in^ortant mordant for cotton and silk 

Pink Salt, SnOl^ + 2 HH 4 OI, is the double salt of stannic chloride j 
ammonium chloride.* It crystallises from the solution of a mixture of 
salts m small regular octahedra which are ^stable in the air and dissolve 
3 parts of water. The concentrated solution "of the salt can be boiled with 
decomposition , the diluted solution separates stanmc hydroxide on boiling. 

Pink salt was largely used as a mordant in former years, but it has b 
replaced almost entirdy by stanmc chloride. 

Stannic Nitrate and Stannic Sulphate have been but little studied. Stan 
hydroxide dissolves both m mtric and in sulphuric acid Stannic sulph 
remains as a white mass on evaporating the aqueous solution ; the solutior 
stanmc nitrate coagulates at 60". 

Cotton Spirits or Tm Spirits are also general terms for solutions of tm sf 
used as mordants for cotton We refer to what was said on p 273 G 
cotton spirits consist chiefly of stannic salts, whereas the previously mentioi 
tin spirits are prmcipally stannous salts. There exists, however, a gr 
amount of confusion as to the names. These preparations have also lost mi 
of their importance since the mtroduction of the artificial dyestuffs. They 
prepared by the dyers themselves m various ways so as to produce mixturec 
stannous and stannic chlonde and mtrate j for 1 to 2 parts of tm 8 to 16 pa 
of mtric acid and 8 to 60 parts of hydrochlono add are employed \ ammom 
chlonde, bichromate of potash, and other salts are also add^ 

Crimson, Bcmmod, Plvm, Red Cotton, Fwrple Cotton Spvnt, Solution 
Tin, or simply ^^Solutwn^' and Pvrik Cutti/ng Liquor are some of the us 
names 

Stanmc Sulphocyanide or Thiocyanate, Sn(ONS) 4 , is obtained by the dou 
decomposition of stanmc oxalate (see below) and calcium sulphocyamde, or 
dissolving stannic hydroxide in sulphuric add, and decomposmg the solut 
with barium sulphocyanide The dduted solution can be boiled without 
composition. Stanmc sulphocyamde is used in calico-printing. 

* Crystallised fltanruo chlonde, SnCh + 5HsO, is also found m commerce under 
name of “pink salt ” 
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Stannic Acetate, Sn(C8HjOjk is obtained by mi x ing strong solntions of 
stannic chloride and sugar of lead with the addition of some acetic acid The 
solution, which is used in the production of certain steam colours on calico, is 
not dissociated by boilmg if it contains suffiaent acetic acid — about 1 part 
acetic acid to 2 parts of crystallised acetate of lead is required. 

Stannic Oxalate, Sn(0„0Jj — Oxdate of is prepared by dissolving 
stannic hydroxide in a solution of oxahc acid on the water-bath at 66' to 
80° The salt dissolves in much water ; the solution becomes opalescent m the 
air Stannic oxalate is also used in calico-pnnting for the production of 
Alizarin reds and siioilar colours 

Stfitmuc Tartrate, Sn( 04 H 40 g) 2 . — Stannic hydroxide dissolves in a solution 
of tartano acid. The compound has not yet been exactly described 

Sodium Stannate, Na^SnOg — Stcmnate of Soda , Frepa/iring Salt — Sodium 
stannate is obtained by meltmg tin-stone ^stannic oxide, SnOg) with caustic 
soda or tin with sodium nitrate and caustic soda. The commercial product 
contains sodium chloride and carbonate ; sodium arsenate and sodium tungstate 
are sometimes added to increase the effect of the salt. 

Sodium stannate is a white crystalline mass, readily soluble in water It 
forms crystals with 3 and 10 molecules of water. St^nic acid being a very 
weak acid, the salt has mild caustic properties. It is slowly decomposed by 
atmospheric carbon dioxide with formation of sodium carbonate and stannic 
amd, HgSnOg Sodium stannate is used in dyeing and m printing as a mordant 
(see pp. 277 and 278) 

APPLICATION OF THE COMPOUNDS OF TIN TO THE 
TEXTILE FIBEES. 

The compounds of tin are used by dyers almost exclusively as mordants 
The colours they yield are diatmguished, as a rule, by their brilliancy Apai t 
from their employment as mordants, the stannous salts are used in calico- 
printmg as resists and discharges The stannous salts attract oxygen with 
great avidity, and their application m resists and discharges is based on their 
reducing properties The reducing power prohibits the stannous salt from 
bemg used m conjunction with oxidismg mordants, or with colouring matters 
whidi are decolourised by reducmg agents. The most impoiiiant application, 
however, is now that of the stanmc salts for weighting silk, for which purpose 
immense quantities of stannic chlonde are used 

Application to Cotton and Linen. — Stcmnoua salts are not frequently 
employed as mordants on cotton and Imen Persian berries yield a good 
yellow to orange shade on these materials previously mordanted with tannin 
and stannous chlonde, and Soluble blue is faster to hght on material thus 
prepared than on tannin and antimony mordant Certain lakes which are 
produced by means of stannous chlonde and vanous extracts are sold under 
the name of ca/nmnes — eg, Persian berry carmine, cochmeal-carmine, (fee. — 
and are used m cotton dyemg and calico-prmtmg. In Turkey-red dyeing 
stannouff chlonde is added m very small quantities to the cleanng bath, 
whether it exerts in this case simply a reducmg mfluence, or enters mto the 
colour lake as a mordant proper, has not been defimtely decided. 

Stannous chlonde both r^uces feme salts and eventually converts them by 
double decomposition mto chlondes, which do not readily dissociate, and are 
not easily fixed on the fibre. For this reason stannous chloride is sometimes 
added to prmt colours, notably to Alizann reds, to preserve their brilhanoy in 
the presence of ferrugmous impurities. 

Stannio salts are extensively used as mordants for cotton and Imen. Many 
natural dyestuffs — e.g., logwood, fustic, quercitron, weld, barwood, &c — are 
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fixed on these fibres with stannic oxide The cotton spirits which have been 
mentioned above are still used for this purpose, and were formerly emplbyed m 
large quantities. Generally the material is first mordanted m tannin, then 
worked and soaked m a diluted liquor of stannic chloride or spirits, &c , and, 
finally, well washed before dyemg. In these cases tannic acid acts as a fixing 
agent for stannic hydroxide, which is the actual mordant. The inverse takes 
place with the Anihne colours, which are also frequently dyed on tannic acid 
and stannic oxide, &c. (stannic tannate), the basic dyestuffs being bound to the 
fibre by tannic acid, while the stannic oxide simply serves to precipitate the 
tannic acid as an insoluble salt An excess of tannic acid, if not oonvei-ted 
into an insoluble salt, would redissolve the ultimate colour lake (see p. 189). 
When tannin is thus fixed on cotton by means of stannic chloride, m dyeing 
cotton and wool mixed goods, the salt should be free from stannous salt, smce 
the wool is liable to be mordanted by the latter. 

Simmate of soda is employed as a mordant on the vegetable fibres for the 
same purposes as the stannic salts to fix the natural colouring matters, but it is 
applied differently on account of its opposite chemical character. The goods 
are simply impregnated with a solution of stannate of soda (4“ to 10® Tw ) and 
then passed liirough very dilute sulphuric acid, or normal or basic sulphate 
of alumina. Stannic hydroxide, or, in the latter case, a mixture of stannic 
hydroxide and aluminium hydroxide, are precipitated in the fibre. This 
mordant also serves well for the Eosins and for many azo-colours. 

Cotton piece goods are sometimes prepared with tin by running them 
through stannate of soda and then through sulphuric acid, brighter and 
richer colours are obtained in this way, especially in printing 

Application to Wool. — The tm mordant of the woollen dyer is prmcipally 
stannous chloride, often in the form of the tin spirits already referred to The 
best method is to mordant with about 4 per cent stannous chloride and 2 per 
cent, oxalic acid (of the weight of the wool) at the boil ; tartar does not give 
such good results as oxalic acid. A mixture of equivalent amounts of stannous 
and stannic salt, as contained in many tin spmts, also gives good shades ; it is, 
however, subject to deterioration. An excess of tin mordant makes the wool 
harsh and rough, and destroys its milhng properties. The wool is entered into 
the cold mordanting bath, the temperature gradually raised to boiling, and 
kept at this temperature for one hour. Oxalic acid first precipitates stannous 
oxalate, and the salt is slowly taken up by the fibre during the mordantmg 
piocess. 

Liechti and Schwitzer* have studied the behaviour of tin mordants 
towards wool. Stannous tarirate and stannic tartrate are not good mordants 
for- wool, since they are too prone to dissociation As is the case with 
alummium, tm salts require an acid in the mordantmg bath to prevent 
a premature dissociation and superficial fixmg of the mordant Stannous 
chloride and tartar give the best results m the proportions of 4 per cent tm 
crystals and 3*2 per cent tartar — la, equal molecules Better effects, how- 
ever, are obtained by usmg 4 per cent, tm crystals and 2 1 per cent, oxalic acid 
(equal molecules), which mordant is besides preferable on account of its lower 
cost Tartaric acid m the free state gives slightly better results than oxalic 
acid, but is not worth the greater expense involved by its use. A mixture of 
one equivalent of stannous and one equivalent of stannic salts gives very good 
lesults, and m this case oxahc acid is agam the most satisfactory assistant, 
three eqmvalents or slightly greater quantities of the latter are required to 
obtain a colour fast to rubbmg. This mixed mordant has the disadvantage of 
deterioratmg on standmg for a long time In the case of mordantmg with 
sulphate of aluminium and a tm salt Laechti and Schwitzer maintain that 
* i/oiwvi, Soc Dyers and Ool.t 1886, p. 177 ; 1887j pp. 26 and 44. 
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it is best to employ stannons chlonde along with tartar. Colours produced 
with this mordant have the advantage of not rubbing. According to the 
same authors, dye-trials with coohmeal proved that in mordantmg with 
stannous salts considerably more acid is taken up by the wool fibre than 
with stannic salts. With some colouring matters, especially with cochmeal 
and Flavin, no separate mordanting and dyemg is required, since the tin 
lakes which are formed at first are slowly taken up by the wool fibre. 

The dye-bath is prepared with the dyestuff, stannous chlonde, and oxalic 
acid, tartar, (kc., and the wool dyed by the so-called single-bath process 

Stannous chloride is added to the logwood dye-bath in certain cases towards 
the end of the dyeing process to shade the colour by making it more brilliant ; 
this operation is called “blooming.” 

In woollen pnntmg the cloth is sometimes prepared with stannate of soda 
in a similar manner to that mentioned for calico The woollen cloth is padded 
twice in stannate of soda (16® Tw ), and then passed through dilute sulphuric 
acid. The usual chlormation follows. 

Application to Silk . — Stcmnoua chloride is employed in conjunction with 
catechu to produce heavily weighted blacks on a bottom of ferric oxide or 
Prussian blue (see Catechu and Logwood), 

Stcmnw chloride in form of tm spirits has been used in the dyeing with 
^e natural colouring matters ; but such apphcation has become rare since the 
introduction of the artificial dyestuffs. 

Stannic chloride is now used m very great quantities for the weighting of 
white or hght-coloured as well as black silk The silk is generally used in the 
raw state, smce it would have to be soaped again after being mordanted.* 

The older method is to steep the material m a solution of stannic chloride 
52® Tw.) until it has become thoroughly impregnated with the solution. 
(The liquor is kept in a stone vat ) The fixation of the tin may be effected by 
merely dissociatmg the stannic chlonde wiijh water. For this purpose the 
well-^turated silk is wrung out, and the excess of hquor returned to the bath , 
the silk is then rinsed m running water to precipitate stannic hydroxide in the 
fibre, while a soluble acid salt is removed by washmg Fi'equently a cold 
solution of soda is used for the fixation. The weight of the silk can be in- 
creased up to 26 per cent, by repeated operations The solution of stanme 
chloride must not be too strong, since the silk shrmks perceptibly in a solution 
of the salt at 50® Tw., and begms to dissolve m a hquor at 100“ Tw. Repeated 
soapings at the boil are necessary to restore the natural feel to the silk, and it 
IS always prone to deteriorate after some tune under the influence of light 
The tin has also an mjunous effect on some of the colours which are afterwaids 
appli^. If these colours are not dulled too much by such treatment the silk 
M often weighted first with stannic chloride, and, subsequently, with tannin 
(tannic acid, sumach, or catechu) m order to prevent the subsequent deteriora- 
tion of the fibre and to increase its weight and volume. 

More recently this method has been unproved by the use of phosphate of 
soda, the silk, after steepmg m the stannic chloride and rinsing m water, 
being worked thirty nunutes at 60“ to 60“ 0 and thirty mmutes at the boil in 
j phosphate, and then well nnsed The treatment m stannic 

chloride and phosphate of soda is repeated several times, sufficient sulphuric 
amd being added to the last bath of phosphate to hberate one-third of the 
phosphoric acid employed This treatment is less detrimental to the silk 
than the former, and jnelds a higher weightmg As the subsequent tannin (>• 

IS necessary, the white colour, the gloss, and the feel of the silk are much 
better preserved 

A further improvement was patented by J. H. Neuhaus* successor of 
* See also the very exact researches of P. Heermann, ^.c., p 23S, 
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Orefeld, by the application of sodium silicate, 'wMch yields a weighting of 50 to 
60 pel cent., and even 100 to 120 per cent., above “pan” without injuring the 
gloss and feel of the fibre, although, after some time, a considerable weakening 
of the fibre is sometimes observed Neuhaus treats the silk for one hour in 
stannic chlonde (42" to 62" Tw.), and after squeezing and nnsing for one-half 
to one hour in a warm bath of soluble phosphates — e^., sodium phosphate 
(4° to 7“ Tw.) — ^the silk is then again rinsed, worked for one-half to one hour m 
a warm bath of sodium silicate (4" to 7® Tw.), and eventually rinsed. The silk 
is weighted to 100 to 120 per cent, above “pan” by five passages through 
starfiiic chloride, sodium phosphate, and sihcate. The treatment with silicate 
renders the silk somewhat hard, and, therefore, it is usually dispensed with 
after the first, and even the later, treatments with phosphate, and apphed only 
for the third and following ones. Some of the treatments with phosphate are 
occasionally omitted. Gnehm and Baenziger,* who studied this process very 
thoroughly, give the following scheme: — Tin, phosphate, tin, phosphate, tm, 
phosphate, tin, phosphate, tm, sihcate, tm, sihcate, whereby a weighting of 120 
to 160 per cent, above “pan” was attained. E 0. Puller found ■3iat the 
weightmg is moreased by 19 per cent, by treating the silk between the phos- 
phate- and the silicate-baths in aluminium sulphate (16“ Tw.). Other metalhc 
salts have been recommended for the same purpose. 

The baths of stannic chlonde become strongly acid by contmued use, 
more stanmc oxide than acid bemg taken up by the silk For restormg then 
onginal strength, m addition to stanmc chloride, some ammoma must be added 
to the baths to keep them in good condition. The quantity of ammonia 
required is determmed by a preliminary test After some time the liquor will 
contam too much ammomum chlonde, and must be let off, the tin is recovered 
by precipitating with lime and reducing to metal, t 

Excessive weightmg of silk by the tm-phosphate-silicate process is liable to 
bnng about serious faults in the goods Thus, silk heavily weighted by this 
process has frequently been found to become qmte tender by a comparatively 
short exposure to direct sunlight. On the other hand, redmsh-coloured spots 
often appear in the pieces, but are sometimes only found after the latter have 
been stored for months. Where these Spots have formed the silk is usually 
tender. Gnehm, Roth, and Thomann J attributed their formation to the 
action of perspiration. Later on, Sisley ^ showed that the only constituent of 
the latter which had an injunous action was the salt. More recently, 0. 
Meister|| pointed out that the destruction of the fibre was due to active 
chlorine produced by the catalytic action of copper, which was always found 
to be present, though m very small quantities, and gets mto the goods by 
careless handlmg during spmnmg and weaving. This author has suggested 
paddmg the goods in a w^ solution of ammonium sulphocyamde as a pre- 
ventive. Though this treatment has been found effective to a considerable 
extent, it is not infallible. Still more recently the use of thio-urealT and its 
salts and derivatives has been patented for the same purpose. 

It IS said that sdk which bias been weighted by the tm-phosphate process, 
and has subsequently become tender, regains its strength on bemg treated 
with hydrofluoric acid. 


TITANIUM, Ti- 48-1. 

This metal, which has until comparatively recently been classed among the 
rarer elements, occurs in nature both widely (nstnbuted and m large quanluties. 

* Jowm. 8oc Dyers and Oci,, 1897, p. 40. t Ibid,, 1889, p 169. 

t im., 1902, p 266. § Ih%d„ 1902, p. 276. 

II 1905, p. 192, IF 1907, p- 61. 
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The metal itself is difficult to prepare in the pure state, and has no technical 
interest. It yields, altogether, four oxides, and of these the salts of two only 
— ^viz., TigOg and TiOg — are articles of commerce. The sesquioxide TigOg is 
obtained m the form of its hydrate by the addition of a caustic alkali to 
titanous sulphate as a black precipitate which readily absorbs oxygen from the 
air, yielding the white TiO„. So great is its affinity for oxygen that even at 
the ordinary temperature, out more readily on warmmg, it decomposes water 
with liberation of hydrogen — TioOg + HgO «=> 2T1O3 + Hg. The sesquioxide 
and its salts are very powerful reduomg agents ^ 

T'itanous oJdoride * (Titanium trichloride or sesquichlonde), TiClg + GHgO 
This salt can be obtained by the reduction of titamc chloride by means of zinc, 
tin, aluminium, &o., or by electrolysis. It Crystallises from its very concen 
trated solution in violet crystals which rapidly absorb oxygen from the air, 
even when dry j the solid is, consequently, not a commercial article Titanous 
chloride is sold as a violet-coloured solution containmg 20 per cent. TiGlg, along 
with an excess of free hydjpoohlorio acid The solution can bo diluted with 
water to any extent as long as the latter does not contam any temporary hard- 
ness or alkalinity In case only hard water should be available, the titanous 
chloride should be mixed, before being diluted, with an equal volume of 
hydrochlonc acid. 

T'ltamMa sulphate^ Ti2(S04)g, can be obtained in solution by the electrol3rtio 
reduction of titanic sulphate, and is sold like the chloride, as a 20 per cent 
solution With sodium sulphate it forms double salts, one of which can bo 
obtained by Saltmg out its deep purple black solution at the boil. It has the 
composition 113(804)3 . NagSO^ . SHgO, and crystallises in lilac-coloured cubes, 
readily soluble m ■t^^ater. A more hydrated form, havmg the composition 
^2(804)3 . Na2S04 . 12HgO, forma much larger crystds, and is much less stable 
in the air - 

Titamxm filicide can be obtained by the reduction of titamo fiuonde, and 
dissolves m water with a violet colour, while its double compound with sodium 
fluoride is green. The oxalate and the double compound titanous potassium 
oxalate are brown and yellow in colour respectively , the latter is very 
sparingly soluble m water 

The titanous salts are characterised by their powerful reducing properties ; 
they are, m fact, the most powerful acid-reducing agents that are technically 
available Titanous chloride reduces ferric salts quantitatively in the cold, 
and, on boiling, acts similarly on futro- and nitroso-compounds, azo dyes, and 
most of the colourmg matters which yield leuoo-compounds In view of its 
powerful reducmg action, it is noteworthy that it does not reduce mercuiic 
chloride m the cold Titanous sulphate behaves in most cases like the 
chloride, but differs from this m its behaviour towards copper sulphate, from 
which it throws down the whole of the copper as metal , whereas, in the case 
of the chloride, only a portion of the metal is thrown down, the reaction 
being apparently A reversible one. The reaction of the sulphate witli copper 
sulphate is sufficiently delicate to seiwe as a means of detecting the presence of 
copper in. the ash of dyed fabrics. 

T%ta/nic sulphate^ Ti(S04)2 + SHgO, is formed by dissolving titanic hydrate 
m cold sulphuric acid, but is not easily obtained in a crystalline form Tlie 
d^ble compound with sodium sulphate, havmg the formula 1^(804)2 -p 'NaSO, + 
2H3O, is, however, readily obtained in the form of well-defined needle-shaped 
crystals, and is a commercial article. ^ It dissolves in a little over a tlurd of 
its weight of cold water, but the solution only takes place slowly If the water 


The trao ^tanoua chlonde, T1CI2, corresponding to stannous ohlonde con only bo 
obtained with difficulty— c g,, by passing hydrogen over the tnohlonde heated to redneaa 
m a porcelain tube. It has n 6 teohnioal importance. 
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is heated the oompoimd decomposes, and then only goes into solution after 
atandmg m the cold for a very long time. 

T%t(mic potassium oxolate^ TiOCjH^ + + HoO, forms well-defined 

-Brystals, readily soluble m hot water, and is the most Stable of the crystallised 
titanic salts. It is a commercial article, and finds considerable apphoation in 
the leather industry. 

T%ianivm tammxHixdla^ is a solution of titanium tannate in oxalic acid It 
is of a deep brown colour, and finds application in the dyeing of chrome tanned 
and alumed leathers, and also of cotton. 

The titanic salts are characterised ^ their behaviour towards peroxide of 
hydrogen and towards tannic acid With the former they yield an intense 
orange to yellow colouration, the reaction constituting a very delicate test for 
either titanic compounds or peroxide of hydrogen. With taniiic acid insoluble 
titanic tannate is produced, which also has an orange colour. 


APPLIOATION OF THE TITANIUM COMPOUNDS TO THE 
TEXTILE FIBRES. 

Cotton and Linen. — Cotton may be mordanted with titanium in a variety 
of ways The simplest method, though not the most effective, is to run the 
goods through a solution of titanic sodium sulphate or of the double oxalate, 
and then through soda. Better results are obtained by a process which is 
based upon the dissociation of the titanic chloride (or sulphate) m the fibre. 
To this end the cotton is first dyed manganese bronze, preferably by steeping 
in tanmc acid, and then treating m a solution containing 1 to 2 grms perman- 
ganate of potash and a like amount of magnesium sulphate per litre The 
cotton 13 then transferred to a bath of titanous sulphate, when the manganese 
bronze is almost instantly discharged and an equivalent amount of titanium is 
fixed on the fibre. Should the cotton now possess a yellow colour, this will be 
due to the tannic acid not having been completely oxidised by the permanganate 
For very light shades it is not necessary to use tannic acid, the unbleached 
cotton being treated directly with permanganate, and then with titanous 
sulphate. Bleaching and mordanting are thus effected simultaneously. In 
place of using manganese bronze for the precipitation in the fibre of titanic 
hydrate, iron-buff, dyed in the ordinary way, can be used. It is thus possible 
to so lo^ the fibre with titamc hydrate that it burns much less readily than 
ordinary cotton 

According to another process, patented by J. Bames in 1896, cotton can be 
mordanted by steeping it in a solution of tanno-oxalate of titanium of 1“ to 2“ 
Tw for some minutes, then wnnging and transferrmg to a hot solution of 
common salt Titanium tannate is thus fix:ed on the fibre This process is 
more rapid and economical than first mordanting with tannic acid and then 
passing through titanic sulphate In either case, however, titamum tannate is 
most suitable as a mordant for basic colours With mordant colours it does 
not give satisfactory results 

Raw linen treated for a short time in a hot bath of titanous chloride 
acquires the shadoof orange-brown characteristic of “Brown Holland ” 

Wool. — According to Hummel,* titanium does not possess any general 
advantages over chromium and aluminium, though, in some particular cases, it 
gives distinctly superior results.! Dyeing is commenced with the mordant 
colour and a little acetic acid, the bath is raised to the boil m the course of 

* Jmm Soc. Dyer a and CoL, 1904, p 06, 
tSee also J. Barnes, \b%d.^ 1896, p. 174. 
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half an hour, and, after boiling for half an hour, addition is made of 16 to 2< 
per cent, of the mordant solution (solution of titanium sodium sulphate oon 
4 per cent TiOg) and 7^ to 10 per cent, oxalic acid, after which boilinj 
is continued for twenty to thirty minutes. 

SiUl — ^A ccording to G. H. Hurst,* silk can be mordanted by steeping fo 
three to four hours in a 6 per cent, solution of titanium potassium oxalate o 
titanium sodium sulphate, and then through a 6 per cent solution of calciun 
acetate Or the silk is first steeped for three to four hours in a 6 per ceni 
solution of titanous chloride, and then in a 6 per cent solution of sodmr 
phosphate. The tanno-oxalate may also be used for the purpose, the sib 
ocqmrmg the choractenstio yellow colour of this compound The mode 0 
procedure is similar to the others, the silk being steeped for three to four hour 
in a 6 per cent, solution of the tanno-oxalate, after which it is washed. 

The colours obtained with mordant dyes on material mordanted witl 
titanium are generally mtermediate in shade between those obtained with th 
same dyestuff on chromium and on aluminium mordant Especially goo( 
results are obtained on titanium mordanted cotton with Alizarin orange 
Ahzarm yeUow (M.L.B), Ooerulein, &c.j on wool, with these colours, as alsi 
with Ahzann cyanine ^een (Bayer), Anthracene blue (BA.S.E.), BriUian 
Ahzarm blue ^Bayer), and Gallocyanine. According to Hummel, logwoo( 
yields on titanium mordant a black, which is mucm more dead than tha 
obtained on chromium mordant On silk, perhaps the most noteworthy reaul 
recorded by Hurst is the yellow obtained with weld. 

Titanous Salts as Stripping Agents — In consequence of their powerfu 
reducmg action, the titanous salts are capable of destroying many colours 01 
the fibre which do not readily yield to the action of bleaching powder. Thi 
colours most readily affected by these are the azo dyes, notably when dyed 01 
cotton, though certain other colours may also be discharged, or, at least 
suitably modified by their use. 

COPPER (Gv^prim), Ou = 63*6. 

Copper is bivalent. It is a red-coloured metal of 8 94 specific gravity 
which melts at a bright red heat and is slightly volatilised by white heat 
it IS very malleable and ductile and the best conductor of heat and electricity 
Copper does not oxidise either in dry or m moist air at the ordinary tempera 
ture; but when strongly heated it is first covered with a thin film of oxide 
reflecting the colours of the spectrum, and is slowly converted mto scales 0 
oxide of copper. ^ Under the influence of the carbonic acid m the atmosphere 
it is converted into basic carbonate of copper. Steam is not decomposed b^ 
red-hot copper Hydrochloric acid dissolves this metal only when in a ver^ 
fine state of division, with evolution of hydrogen. Nitric acid, both con 
centrated and dilut^ dissolves copper, even m the cold, but more rapidly 
when heated, forming mtrate of copper with evolution of nitrous gases 
Sulphuric acid does not act on copper at the ordinary temperature , whei 
hearted with the strong acid the metal is dissolved and copper sulphate formed 
while sulphur dioxide escapes. 

Many valuable alloys contain copper as their chief constituent — eg.y brasi 
and all kmds of bronze. 

Copper oombmes m four proportions with oxygen, of which only the twe 
foUowmg possess more than a scientific interest • 

Cuprous Oxide, CugO (Bed Oxide). 

Cupric Oxide, CuO (Black Oxide). 

* Joum Soc, Dyers and Ool,^ 1903, p. lOa. 
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Cuprous Oxide, CugO, is formed, by heabmg a solutioii of copper tartrate 
in caustic soda with grape sugar. It is a bright red powder ihat does not 
oxidise in the dry state It is used in glass painting, and imparts to the 
glass a fine ruby red colour. A yeUow hydroxide of the composition 
iCugO + HgO = Cug(^(OH)2 IS obtained by precipitating cuprous chloride 
with caustic soda. This compound oxidises readily in the air. Cuprous 
oxide and hydroxide are readily soluble in ammonia, the colourless solution 
rapidly becomes blue by oxidation when exposed to the air. 

Cupric Oxide, CuO (Black Oxvde or Monoxide of Copper ), — Cupnc oxide is 
a black amorphous, slightly hygroscopic powder which is insoluble in water, 
but dissolves readily in acids. Copper oxide dissolves in ammonia with a 
beautiful intensely blue colour; the ammomo-cupno liquid has the power 
of dissolving cellulose (cotton and other vegetable fibres) ; the presence 
of consider^le quantities of mineral salts prevents the cellulose from 
dissolving in the liquid or precipitates it from the solution. Cupnc oxide 
gives off its oxygen readily in presence of reducing substances, and acts as- 
an oxidising^agent. 

Cupric Hydroxide, Cu(OH)2, is obtained as a hght blue precipitate on 
addition of caustic alkahes to the solution of a cupnc salt. It can be dried 
over lime without changing; the freshly precipitated moist hydroxide when 
dned at 100 ® becomes black and loses water, a hjrdroxide (Cug02(0H)2) beii^ 
formed Cupric hydroxide does not dissolve in alkalies and has no acid 
character ; it is a moderately strong binacid base. 

Cuprous Salts are little known m the pure state, smce most acids 
decompose them, separatmg the metal m the free state, and formmg cupnc 
salts. The salts are colourless, and rapidly absorb pxygen from the air, 
forming cupnc salts. 

Cuprous Chlonde, CujjCl^, is obtamed as a solid white substance by 
dissolving a mixture of metalhc copper and cupnc oxide m hydrochloric, 
acid. 

Cuprous Sulphocyanide or Thiocyanate, Cu2(CNS)2, is used by cahco-printers 
under the name Baste, It is obtam^ by precipitating a solution of 

blue vitnol, containmg ferrous sulphate or sulphurous acid with potassium 
sulphocyanide. The white precipitate is insoluble m water. It is used in 
the production of Aniline black. 

Cupric Salts. — ^Most of the normal salts are soluble in water. The soluble 
salts redden blue litmus, and have a disagreeable taste ; they are decomposed 
at a low red heat, except blue vitriol, which withstands a slightly higher 
temperature The salts are white in the anhydrous state , when they contain 
water they have a blue or green colour, which is perceptible m very diluted 
solutions. AU compoiinds of copper are poisonous. 

Oaustic potash and soda precipitate from the solutions cupric hydroxide;, 
alkalme carbonates precipitate insoluble basic cupric carbonate; ammonia in 
excess produces an intensely blue solution of a basic double salt , the carbonate 
of ammonia acts in the same manner. Sulphuretted hydrogen and ammonium 
sulphide precipitate from solutions of copper salts black copp&r sulphide 
(CuS), which IS insoluble in diluted acids and in alkahes and httle soluble 
in alkaline sulphides. Metallic iron m contact with solutions of copper salts 
is immediately coated with a film of copper, and is rapidly dissolved , the 
copper in the salt is replaced by iron — Fe + CuSO^ = FeSO^ + Ou 

jSosw Bcdis of Copper are insoluble in water. 

Cupric Sulphate, OuSO^ + 6 Hp — Blue Vitrw^ Blue Copper 

Sulphate , — Cupric sulphate is manufactured by roasting ores which contain 
copper and by dissolving them m sulphuric acid. From this solution crystals 
havmg different degrees of ' purity are obtained ; the chief impurity is iron. 
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Oupiic sulphate crystallises m transparent, blue triolinic crystals, 'whid 
contain only 5 molecules of water of crystallisation, whereas the othe 
metallic sulphates, known as “ vitriols ” — e ferrous sulphate — contain 

molecules. 100 parts of water dissolve at — 


10*0 

20*0, 

80*0. 

60®0 

70* 0 

90*0 

100“ c 

Parte 

Parts. 

Parte 

Parts. 

Parts. 

Parts. 

Ports 

37 

42 

40 

66 

95 

166 

1 203 


Blue vitriol is insoluble in absolute alcohol, and but slightly soluble ii 
diluted alcohol It loses 4 molecules of water at 100" and the last at 2.0" t< 
240", forming a white mass The anhydrous salt attracts water readily, ant 
turns blue; use is made of this reaction to demonstrate the presence o 
water in organic hquids — 6,g , alcohol Blue vitriol is extensively used in th* 
arts ; for example, in the manufacture of copper colours, and in dyeing 

Cupric Chloride, CuGgj is formed when copper is acted upon by chlorim 
gas, or when cupric oxide or carbonate is dissolved m hydrochloric acid. I 
forms a brownish-yellow powder in the anhydrous state, and crystallises ii 
bluish-green rhombic crystals (CuClg + 2H2O). Oupnc chloride is vor^ 
soluble m water and in alcohol, and is deliquescent. The alcoholic solutioi 
burns with a beautiful green flame, and gives the Bunsen flame a green rim, b] 
which reaction minute quantities of copper may be detected, 0.^, on tin 
textile fibres. 

Cupric Nitrate, Ou(NOg)2, is obtained by dissolving copper or cupric oxide ir 
nitric acid. Calico-printers prepare it also by the double decomposition of bliu 
vitriol and lead nitrate. The imlt forms fine blue prisms, Ou(NO„)j -f SH^O 
On being heated to 66" mtric acid is given off, hence the anhydrous salt it 
not known. Cupnc nitrate is very splpble m water and is deliquescent 
Since it is decomposed at comparatively low temperatures it is a strong 
oxidising agent. 

Cupnc Carbonate, OuCO^ is not known in the pure state. By adding i 
solution of an alkaline carbonate to a cupric salt, a basic salt, CuCOg + 
Cu(OH) 2, is obtained which is insoluble m water. Various minei'als cousisi 
of basic cupnc carbonates 

^ Cupnc Acetate, Cu(CQHg02)2 + HgO, is obtained by dissolving cupric 
•oxide, verdigns, or a carbonate of copper in acetic acid, or by the double 
decomposition of copper vitriol and lead acetate It forms dark bluish-greor 
monoclinic crystals, which effloresce m the air and dissolve in 13 4 parts o 
cold and in 5 parts of hot water, also in alcohol The solution gives of 
acetic acid on boiling. An acid salt, + HjO, has beoi 

prepared 

Basic (yu/pr%c acetate or blue verdigris is 2 Cu( 02H802)(0H) + 6H2O. It i£ 
prepared by placing sheets of copper into acetic acid or into the fermenting 
husks of grapes. The salt forms blue crystals, and occurs m commeice ir 
gree nish -blue lumps, wh i ch also contain basic cupnc carbonate and sometimes 
gypsum. On treatment with water the salt is decomposed into the normal 
and a more basic salt : green verckgris, 2Cu(02H802)2,Cu0. Still more basic 
cupnc acetates are also known. 

Copper Sulphide, CuS, is obtained as a black precipitate by passing a 
current of sulphuretted hydrogen through a solution of a copper salt. Laubei 
gives the following instructions for prepanng copper sulphide mix 1250 gmis 
n J Ihs.) of flowers of sulphur with 6 htres (J gall.) caustic soda (70" Tw.), and 
heat on the water-bath, with frequent stirrings, until all is dissolved , poui 
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the solution, with constant stimng, into a solution of 6 kgs. (6 lbs.) of blue 
vitriol in 160 liti*es (Iff galls.^ of tepid water, allow the precipitate to settle, 
and wash it several times with tepid water, by decanting; to the filtered 
paste of copper sulphide, which should amount to 12 kgs (12 lbs ), add 
16 grnis. oz.) of ammonium sulphide, in J Htre (1 pint) of water to protect 
the copper sulphide against the oxidising action of the air and store it in 
vessels in whi<3i it is protected from the air. Copper sulphide is insoluble 
in water, in diluted acids, and in alkalies; by oxidation it is readily con 
verted mto cupnc sulphate. It is used m the printing and dyemg oi 
Anihne black. 

APPLICATION OF THE SALTS OP COPPER TO THE 
TEXTILE FIBRES. 

The salts of copper are chiefly used in dyeing as oxidising agents. The} 
act as earners of oxygen, which they readily give up to oxidisable substances 
and take up again from the air or from "bodies which are easily deoxidised 
The fastness to light of a great many colours is very considerably moi eased b} 
a treatment with soluble copper salts — e g., logwood and many cotton coloursr- 
and for this reason copper sulphate finds an extensive application in cotton 
and wool-dyemg. The cause of this fact has been found to be the formatior 
of a lake between the dyestuff and the copper, especially in the case o 
paranitraniline * 

Application to the Vegetable Fibres. — Copper salts are employed in cotton 
dyemg and cotton-prmtmg as oxidismg agents, in the way above mentioned 
for the production of Cutch browns and Logwood blacks ; they serve, however 
to a certam extent as actual mordants. Copper sulphate is frequentb 
employed m the black-dyemg of cotton warp in union goods, and is fixed fo 
this purpose by means of tannin. Copper sulphide is used m the productioi 
of Aniline black by printing, while copper sulphate is largely used m thi 
dyemg of Aniline blacks on piece goods Copper su^hate is, as mdicated above 
frequently used for rendermg certam colours — e g , iBenzoazurin, Diamme blues 
Sulphide browns — faster to light, by treatment with salts of copper. 

Solutions of cupnc hydroxide m ammonia dissolve cellulose, and are 
therefore, used for waterproofing cotton fabrics, the dissolved cellulose fillin] 
the mterstices of the meshes of the tissue. 

Apphcation to Wool. — Copper sulphate is used in conjunction witl 
alummium sulphate and with ferrous sulphate m the dyemg of logwood blue 
and logwood black. It is also frequently employed along with bichromate 0 
potash m the mordanting of wool Generally the natural mordant-dyeatufi 
resist the bleaching action of the light best when dyed on copper mordantf 
Yery often copper sulphate is used as a saddening agent after the wool 1‘a 
been boiled in a decoction of the colouring matter 

Apphcation to Silk.— Copper sulphate and acetate are used m saddemn 
certam shades of logwood black on silk 


LEAD {Plwmhum\ Pb = 206*9. 

Lead is bivalent or tetravalent. It is a bluish- white, bright and very soi 
metal of 11*3 specific gravity ; it melts at 334“ 0. and boils at a white heat , 
possesses little tenacity and elasticity The bright surface of the mefe 

* W SohapoBohnikoff, Ztitschr\ft Farben- und Textil-Chemiet 1904, p. 422 ; see at 
Ed Justm-Mneller,. Bull, 80 c, Ind, de Bouen, 1904, No. 2. 



286 


A MANUAL OP DYEING. 


becomes tarnished in moist air by the formation of a film of oxide. Lead w 
melted in open vessels is oxidis^ and on the surface fbrms a mixture of 1 
and lead oxide, so-called lead ashes. Lead is a very useful metal, which co 
hardly be replaced in many industries, since it is very slowly acted upon 
acids, especially at the ordinary temperatures. Acetic acid maikes an except 
to this rule, so do hydrochloric and nitric acids 

Lead is a constituent of many important alloys, such as solder, pewter, <6 

Lead forms the following five oxides : — 

Lead Suboxide, PboO. 

Load Monoxide or Litharge, PbO. 

Lead Sesquioxide, PbgOg. 

Red Lead or R«d Oxide of Lead, PbgO^. 

Lead Dioxide or Peroxide, PbOg. 

The suboxide and sequioxide are of no practical importance. 

Lead Monoxide, PbO, is obtained by melting lead with access of air. 
forma a straw-coloured powder, called Masaicot; or, when fused at red h< 
lemon-yellow to orange-coloured scaly crystals, called Litha/rge, It ha 
specific gravity of 9 36, is not soluble in water, but imparts to the latter 
alkaline reaction by generating the hydroxide. It dissolves in hot solutionf 
caustic potash or soda, as also in nitric and acetic acid , m most of the ot 
mineral acids it is insoluble It has basic properties; for example, 
saponifies fats, forming lead salts of the fatty acids (lead plasters) 

Lead Hydroxide, Pb(OH)ft is precipitated from the solutions of lead salts 
caustic alkalies as a white voluminous mass , it is soluble in an excess of cauj 
potash or soda, forming phtmhates; but is not soluble m ammonia. Li 
hydroxide has a very f e^le acid character , but it is a fairly strong diacid hi 

Red Lead, Pb^O^, is obtained by heating massicot in the air*; it is a het 
fiery-red powder, insoluble in water It is used as a pigment, m glass maki 
and as a pamt to prevent iron from rusting, and as a packmg for water- £ 
steam-jomts. 

Lead Dioxide or Peroxide, PbOo, also called puoe-colov/red oayide of leaa 
obtained by treating red lead with mtno acid. It forms a brown pow 
which IS insoluble m water. It is not readily attacked by acids, and does 
form salts with them. Lead peroxide dissolves m hot solutions of cau{ 
potash or soda forming alkaline plwmbatea (NagPbOg and KgPhOg) L 
peroxide and the plumbates are strong oxidising agents. 

Lead Salts are generally colourless, those which are soluble m wa 
redden blue htmus and have a disagreeable sweet metallic taste All lead si 
are vew poisonous Oaustic alkalies precipitate from the solutions 
hydroxide whi6h redissolves in an excess of caustic potash or soda, but noi 
ammonia. Soda precipitates basic carbonate of lead Hydrochloric acid £ 
chlorides form a precipitate of lead chlonde, which is soluble m much wai 
Sulphunc acid and sulphates precipitate msoluble sulphate of lead Ohroma 
precipitate chromate of lead (Chrome yellow), which is readily soluble in caue 
potash or soda. 

Sulphuretted hydrogen or sulphide of ammonium forms a precipitate 
black lead sulphide, which is msoluble in alkahne sulphides, acids and alkali 
by hot mtrio acid it is slowly decomposed. Lead salts, notably white le 
blacken in an atmosphere containing even traces of sulphuretted hydrog 
lead sulphide being formed 

Ls&d Nitrate, Ph (NOg) 2 , is prepared by disaolvmg the requisite amoi 
of htharge in hot dilute mtnc acid. A solution of the basic nitrate of le 
Pb(N0g)70H), is obtamed by boiling a solution of the normal salt with 
calculate amount of litharge. 
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Lead nitrate crystallises in regia^ crystals; it is sold in the form of 
ttregular lumps and frStiuently contains copper as an impurity. In alcohol it 
is almost insoluble. 100 parts of water dissolve at — 
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100“ 0 

Parts 

Parts. 

Parts 

Parts 

Parti. 

Parts 

Parts 

39 

48 

60 

80 

101 

120 

139 


- — ' I 

Lead Acetate, Pb(OjjHaOo )3 + 2iKf>^White Sugar of Zeoc^Lead acetate 
is prepared by dissolvmg the calculated amount of htharge m hot acetic 
acid The pure product, which contains over 99 per cent of crystallised salt 
^Pb(02Ha02)2 + SHnO), is called white sugar of lead. With crude acetic acid 
(pyroligneous acid) brown sugar of lead is prepared, which contains less than 
90 per cent of the pure salt By using an excess of htharge, hasw acetate oj 
"Uady Pb( 02 Hg 02 )( 0 H), and still more b^io salts are obtained 

The normal sdt forms monoclinic crystals, which effloresce in the air and 
melt at 76“. 

Lead acetate dissolves m about two parts of water at the ordinary 
temperature and is readily soluble in diluted, not m absolute, alcohol The 
solutions of lead acetates rapidly absorb carbon dioxide from the atmosphere 
and become turbid by formation of the carbonate. 

White lead is a basic carbonate of lead. 

APPLICATION OF THE LEAD SALTS TO THE 
TEXTILE FIBEES. 

Acetate amd nitrate of lead are frequentljr used in the preparation of 
mordants, smce they readily exchange their acid for sulphuric acid by double 
decomposition, sulphate of lead bemg insoluble Except for the production of 
Chrome yellows the lead salts are httle used in dyemg The colours are liable 
to be blackened by sulphuretted hydrogen and are not brilliant. They are 
poisonous. 

Cotton seems to possess some affinity for lead, since it retams Hhe same with 
great tenacity. Chrome yellow and Chrome orange are produced extensively 
on cotton by impregnatmg the fibre with a lead salt and passing through 
bichromate In this case the lead salt may be considered to act as a real 
mordant In conjunction with fatty acids lead salts serve also as mordantfi 
for the eosins. 

Silk IS sometimes weighted with basic acetate of lead 


MANGANESE, Mn. « 65. 

/ 

Manganese is a metal which is either di-, tetra-, hexa-, or hepta-valent, anc 
forms the following six oxides : — 

Manganese Monoxide or Manganous Oxide, MnO 
Bed Manganese Oxide or Mangano-Manganous Oxide, MnB 04 . 
Manganese Sesquioxide or Manganic Oxide, MugOg 
Manganese Dioxide or Black Oxide of Manganese, MnOg. 

Mangamc Anhydride (not known m the free state), MnOg, 

Manganese Heptoxide, MngO^. 
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M<mg<me&e Monoxide^ MnO, is a greemsh powder which rapidly absorbs 
oxygen^ forming red oxide (MngO^) 

M(mg<mou8 Hydroxide^ Mii(OH) 2 , is precipitated from the solutions of 
manganous salts as a white gelatinous mass that rapidiiy turns brown by 
absorption of oxygen. It is soluble in most acids and is a binacid base; 
ihe salts are colourless or pink and do not absorb oxygen. Manganous 
hydroxide is insoluble in caustic alkalies Sulphide of ammonium precipitates 
manganous sulphide from the solutions of manganous salts; sulphuretted 
hydrogen has httle action except m the presence of free alkali. 

M<mg(mic Oxide^ MujOg, is formed as a black powder when one of the 
other oxides is heated in oxygen gas. 

McmgcmiG Hydroxide^ Mn 2 (OH) 0 , is a dark brown precipitate obtained by 
the oxidation of manganous hydroxide It is a weak hexo-acid base, insoluble 
in alkahes and not readily soluble in acids. It does not form well-defined 
salts 

Mangcmese Dioxide, MnOg, peroxide of manganese, the common black ore 
of manganese or pyrolusite, is a dark grey, almost black, cryatallme mass 

Manganese dioxide forms hydroxides, which act as very weak bases and 
acids ; salts which it forms with acids are called manganic salts ; those 
in winch it comlfines with bases are the mangamtes. Manganese dioxide 
dissolves in cold hydrochloric acid without evolution of chlorme; but on 
heatmg it, the MnOl^ dissociates into manganous chloride and chlorine . — 

MnOj + AHa = MnCU + 2H80, MnCL => MnCla + CI 3 

The use of manganese dioxide m the manufacture of chlorine gas, chloride 
of lime, and chlorates, is based on this reaction. 

Mangcmio Acid, HgMnO^, is not known in the free state, neither is the 
anhydride (MnOg) Potassium Momgamate, EgMuO^, is obtained as a bright 
green mass when an oxide of manganese is fused m the air with caustic potash. 
The aqueous solution yields this salt in a crystalhne form, on standmg, 
however, or when acidified, the green colour of the solution is changed into 
bright purple and a new salt is formed* Potassnmm Permomga/riate, KMnO^ 
(see below), whilst hydrated manganese dioxide is deposited — 

3 K 2 M 11 O 4 + 4H:C1 = 2KMn04 + Mn(0H)4 + 4KC1, 

Inversely potassium permanganate is reduced to potassium manganate by 
boilmg it with a concentrate solution of caustic soda and by the limited 
action of reducing agents 

Maugameae Heptoxide, Mn^O^ and the hydrate, Permcmgcmic Acid, HMnO^^ 
are unstable and httle known compounds 

Manganous Chlonde, MnClg, is obtained as a bye-product in the manu- 
facture of chlorme from hydrochloric acid by means of manganese dioxide 
(see above). It forms monoclinic pink-coloured deliquescent crystals, which 
contam 4 molecules of water of crystallisation. It is soluble in water and in 
alcohol ; the alcoholic solution when ignited bums with a red flame. 100 parts 
of water dissolve at 10°, 160 parts, at 31“, 269 parts, and at 62*6°, 626 parts 
of the salt, MnClg 4 - 4 H 2 O. The strong aqueous solution is known by the 
trade as bronze hquor. 

Manganous chloride is used m dyeing cotton manganese brown or bronze. 
The cotton is impregnated with a solution of the salt, passed through caustic 
alkali, and the precipitated hydroxide is oxidised by the air or other oxidising 
agents to form brown mangamc hydroxide. The oxidising power of manganic 
hydroxide which has been thus deposited in the fibre may be used for the 
production of Aniline black. The product comes into commerce as a reddish 
solution at about 70“ Tw. It often contains calcium chlonde as an impurity 
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Potasslnm Permanganate, KMnO ^ — Permanganate of Potash , — Potassium 
permanganate is found in commerce in the form of- almost black crystals with 
a steel-blue lustre; it dissolves with an intense crimson colour in 16 to 16 
parts of cold water. 

Potassium permanganate is a very powerful oxidising agent in acid, in 
alkaline, and in neutral solutions. Hence it is largely used in the laboratory 
and as a disinfectant, and it is sometimes employed to destroy colours on the 
fibres which cannot be removed in any other way. Some dyers use it to 
produce manganese-bronze, and it has also been suggested as a substitute for- 
chlorine m the “ preparing ” of wool for printing. 


ANTIMONY {Stib%um\ Sb = 120*2. 


Antimony is tri- and pentavalent. It resembles phosphorus and arsenic 
in some respects ; but it bears still greater resemblance to the metals It is 
considered by some as a metal, by others as a metalloid. Antimony forms a 
bluish-white crystalline, brittle mass of 6 8 specific gravity. It is a constituent 
of many important alloys — e.y., type metal, Britannia metal, and anti-fnction 
metal Compounds of antimony are used m pharmacy and in dyeing. 


Antimonjr forms the following compounds with oxygen • — 
Antimony Tiioxide, Sb, 03 , Antimonious Acid, HSb02 
Antimony Tetroxide, Hypoantimonious Acid, HgSbgOg. 

• .. ■oj.'jQi.ri f Antimonic Acid, HSbOo 

Antimony Pentoxxde,SbA i \ Metantimonic Acid, H.Sb.O, 


Antimony Trioxide, SbgOg, is found in nature, and can be prepared by 
heating antimony in the air or with diluted nitric acid; It forms white 
crystals, which melt at a red heat, it is very sparingly soluble in water, not 
soluble in nitric acid, but dissolves in hydrochloric, sulphuric, or tartanc acid, 
and in caustic alkalies. 


Antimony tnoxide forms a hydroxide, antimomoiM acid^ HSbOg. This 
compound acts both as an aoid and a base. The acid character does not offer 
any practical interest. As a base it is monovalent and tri valent, in the 
monovalent state it is considered to be combined with oxygen, forming the 
monovalent radical antimonyl, SbO. The salts which antimony forms with 
acids, when soluble m water, redden blue htmus, and possess a very 
disagreeable metallic taste They are dissociated by water, antimony tnoxide 
bemg thrown down, and an acid salt remaining in solution. Oaustic alkalies 
and the alkaline carbonates precipitate from flie solutions of antimony salts 
antimonious hydroxide (HSbOo), which is converted into antimony tnoxide on 
boiling. The hydroxide is soluble in an excess of caustic potash and soda. 
Sulphuretted hydrogen precipitates from acidified solutions of the salts orange* 
red antimonious sulphide (SbjSg), which is soluble in alkaline sulphides 

Antimony and its compounds are poisonous Since it shows reactions 
similar to arsenic, it is sometimes mistaken for the latter; the poisonous effects 
of antimony and arsenic, however, are totally different. 

The apphcation of compounds of antimony in dyeing is hmited to the salts 
of antimony tnoxide, and these are employed exclusively in dyeing and 
printing of cotton and linen Their usefulness is based on the fact that tannic 
acid forms a lake with antimony trioxide, which is insoluble in tannic acid. 
Faster colours are obtained witn antimony tannate than with tanmc aoid 
alone (see p 189). 

Ant%womou8 Sulphate, Sb 2 (SOj 8 , separates from the solutions of antimony 
tnoxide in hot cone, sulphuric acid on cooling. It is dissociated by water into 
an insoluble basic and a soluble acid salt. 


19 



2QO 


A MANUAL OF DYEING. 


Antvifmwyl Sulphate^ (Sb0)2SO4, is obtained by dissolving antimony trioxide 
in moderately diluted sulphuric acid. It is dissociated by water, like the 
preceding compound. 

Antimony Chloride or Tnchlorlde, SbClg, is formed by the action of chlorme 
on antimony. It is prepared by dissolving antimony trioxide or sulphide m 
hydrochloric acid, and can be evaporated to dryness from this solution. It 
forms a soft, crystalline, colourless mass, which melts at 73", and volatilises at 
223" j it is deliquescent, and is dissociated by much water, according to the 
equation— SbCh + Kfi - SbOOl + 2HC1. 

Antimony Fluoride, SbFlg, is obtained by dissolvmg antimony trioxide in 
hydrofluoric acid. The salt forms colourless rhombic pyramids, which are 
deliquescent; by dilution with water it is not decomposed, on evaporating 
the solution without excess of hydrofluoric acid a basic fluonde is obtained. 
Antimony fluoride attacks glass and metals, except lead and platmum It is 
kept in wooden casks. 

Antimony fluoride forms crystalhne double salts with one, two, or three 
equivalents of the fluorides, chlorides, and sulphates of the alkalies 

Antimony Sodium Fluonde, SbPgNaF, has been brought into the market by 
K. Koepp & Go., in Oestrich a. Eh (Germany), under the name of double 
antimony Jluomde, It crystalhses in triclinic prisms, and is readily soluble in 
water, 100 parts of cold water dissolve 63 ports of the salt, and 100 ports of 
hot water 166 parts. The solution can be diluted without dissociation. It 
reacts slightly acid, and corrodes glass and metals 

The salt contains 66 per cent. SbjOg (^e., the corresponding amount of 
SbPg), and 658 grms. are equivalent to 1,000 grms of tartar emetic 

A double salt of antimony fluonde and ammonium sulphate, SbF 3 (]SrH 4 )^SO^ 
has been patented, and is sold by E. de Haen, List vor Hannover ( Germany), 
under the name of amivmony salt It forms white obhque crystals, and 
dissolves very easily in water — 140 parts of the salt in 100 parts of water; 
the solution possesses a strongly acid reaction, and attacks gloss and metals 
like the other fluorides It is not dissociated by dilution. The salt contains 
an amount of antimony fluoride corresponding to 47 per cent. SbgOg — ^.e, 
9 parts of antimony salts are nearly equivalent to 10 parts of tartar emetic 
A number of similar salts are sold by various firms as substitutes for tartar 
emetic. 

Double Oxalate of Antimony and Potassium, SbEl8(C204)g + 4H2O, has been 
introduced to the dyeing trade by R. Koepp & Co in Oestrich The salt is 
obtained by dissolving antimony trioxido in acid oxalate of potash, and 
crystallises in fine needles, which are stable in the air, and dissolve most 
readily in either cold or hot water The solution of the salt dissociates rapidly, 
forming an insoluble basic oxalate of antimony and soluble acid oxalates The 
double oxalate contains only 25 1 per cent Sb^Og ; it has been stated, however, 
that it can replace equal quantities of tartar emetic, although the latter 
contains 43*4 per cent SbgOg. Noeltmg has explained this surprising fact 
by experiments, showing that acid potassium oxalate does not prevent the 
foi'm<ation of antimony tannate to the same extent os acid potassium tartrate, 
which IS geneiated from tartar emetic On the other hand, the double oxalate 
dissociates more rapidly than the double tartrate, thus yielding its antimony 
more readily, and for these two i easons it is n^e ejffective 

Double Tartrate of Antimony and Potassium or Tartar Emetic, (SbO) 
KG 4 HiOg + ^HgO, was intioduced into the dyeing tiode by Thomas Brooke 
of Manchester, who was the fiist to use an antimony salt for the fixation of 
basic colours by means of tannic acid, and was rewarded for his invention by 
the Soci6t4 Industnelle de Mulhouse with a gold medal 

Tartar emetic is obtained by boihng antimony oxide with a solution of 
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tartar, and crystaHiaes with half a moleotde of water m rhombic octahedra' 
which lose water by efflorescence. The salt is not very soluble m water, and' 
insoluble in alcohol Onef part of tartar emetic, (Sb0)K04H40g + JH3O, 
requires for its solution at — 
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The solution dissociates mt<3 insoluble basic antimony tartrate and soluble acid 
tartrates Pure antimony-potassium tartrate, (Sb0)K04H^0g + con- 

tains 43 ‘4 per cent SbgOg 

The commercial product is sold at a strength of 43 per cent. SKOg in fine 
crystals or irregular lumps. The article is subject, however, to adulteration 
either with cheaper antimony salts or with other substances , it may contain 
the required quantity of antimony without being genuine tarte emetic. 

Antimony Lactate has been patented* for the same applications in dyeing 
and prmtmg for which the other antimony salts are used. The salt is said to 
be not crystallisable, very soluble m water, and not to dissociate It does not 
appear to be offered to the trade 

Double Bllactate of Antimony and Calomm or Antimomne, [(Sb0X08H508)]2 
Oa8(G8H508^.208HQ08, is obtained by treating antimony oxide with calcium 
bllactate The dry salt forms a white crystalline and very hygroscopic mass 
containing 27 per cent Sb^O, whilst the commercial product Antimonine^^ 
which IS manufactured by 0. H. Boehrmger Sohn in Ingelheim on the Bhine, 
contains 16 per cent. SbgOg. 


APPLIOATIOJSr OP THE OOMPOUN-DS OP ANTIMOISTY 
TO THE TEXTILE PIBBES. 

Tannic acid is employed in the dyemg of cotton and linen as a mordant, 
because it forms lakes with the basic dyestuffs, which are insoluble in water. 
An excess of tannic acid, the presence of which is unavoidable, dissolves these 
lakes, hence the colours thus obtained do not resist woshmg and soaping, and 
are liable to bleed. It has been found, however, .7hat tannic acid can be 
transformed by certain metals, for example, by tm, aluminium, iron, and zinc, 
but best of aU by antimony, into insoluble salts, which have the same power 
as IS possessed by the free acid to precipitate basic dyestuffs m the fibres, but 
have no dissolving action on the colour lakes. These double lakes have the 
additional advantage of resistmg the bleachmg action of light better than the 
simple tannates. 

Thomas Brooke, as has been mentioned, discovered the use of antimony 
salts in the form of tartar emetic for the fixation of Anilme colours Tartar 
emetic, however, is a very expensive article, smce the tartanc acid m it has 
a much higher value than the antimony. A number of substitutes, notably 
the double oxalate and various fluorides, have, therefore, been introduced, 
which are sold at considerably lower prices and give more or less satisfactory 
results. Tartar emetic has oeen very generally replaced by other salts of 
antimony. 

The application of the antimony salts is very simple The goods which 
have been mordanted with tannic acid are slightly rinsed in cold water to 
* Ch N. Waite. U S an oqa 
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remove, loosely adhering mordant and then worked for one-qiiartei of an hour 
in the tepid solution (30“ to 60“^ of the antimony salt. The bath can he used 
continuously, if the liberated acid is neutmlised fiom time to time The goods 
which have been worked m the antimony bath are wiung out and must be 
well washed in water before dyemg; a hot aoapmg improves the ultimate 
shade as to brilhanoy and is advisable for some colours — e g , Methylene blue 
The washing must be done with the greatest care, since loosely adhering 
antimony tannate, unless removed before dyeing, will be the cause of rubbing 
and smearing of the colour. Moreover, antimony is a strong poison, and such 
loosely adherent particles are liable to cause aenous affections of the skin It 
must be stated, however, that accidents of poisoning do not appear to have 
been observed in connection with antimony mordants, not even in the 
knitting mills of Nottingham or Chemnitz, where yarns mordanted with 
antimony are worked up in great quantities 

In printing, the application is different in so far as the goods are printed on 
with a mixture of tannic acid and dyestuff, steamed, and subsequently passed 
through the antimony bath In printing, the lake formed by tannic acid and 
dyestuff is transformed into the triple antimony lake; whereas in dyeing, 
antimony tannate is formed first and combines subsequently with the dyestuff 

In the dyeing of cotton and linen goods a solution of 5 to 10 parts of tartar 
emetic in 1,000 parts of water is used ; the tannic acid previously absorbed by 
the fibre extracts antimony from this solution, whilst an acid potassium 
tartrate is left behind, which impedes and prevents the formation of antimony 
tannate. This acid salt can be neutralist by the addition of sodium car- 
bonate; but it IS difiicult to regulate properly the quantity of soda to be 
added , better results are obtained by adding to the solution a small quantity 
of ground chalk which dissolves more gradually 

Antimony potassium oxalate is used of the same strength as tartar emetic, 
although it contains only about half as much antimony ; it is best to use 5 tc 
10 porta per 1,000 parts of water, greater quantities give less satisfactory 
results The action of the oxalate is more rapid than that of the tarti*ate , i1 
works best in diluted baths and by short immersion Calcareous water shouk 
be avoided, since it precipitates oxalic acid ; and the addition of soda does noi 
appear to be advantageous 

'riie fiuondes, as a rule, are very acid and must be neutralised with soda 
about one-fifth to one-fourth of then* weii^ht of soda crystals is required Thi 
usual stiongth employed is 6 to 20 parts of salt to 1,000 parts of water; i 
yields good results, but the shades are not exactly the same as those obtainei 
witli tartar emetic 

Anixmonvm is used m the same quantities as tartar emetic, with th 
addition, however, of 2 parts of acetic acid for l,(y00 parts of liquor, the loctat 
being vei y easily dissociated and yielding its antimony even in the acid liquo 
veiy leadily 

In &%lh dyeing, antimony salts are also used in connection with tannins t 
render basic or acid colours faster to water and washing (see p 191) 


ZING, Zn = 66-4. 

Zinc is bivalent. It is a bluish-white metal of 6 9 specific gravit; 
exhibits crystalline structure, and is brittle at the ordinary temperatur 
but it can be rolled out at 130“ 0. It melts at 423“, and volatilise 
at a bright red heat; it takes fire at this temperature and burns with 
luminous green flame, forming zinc oxide (ZnO) Zinc is not acted upc 
UxT nr -moifit aiT nor IS it affected by water, but it dissolves readi 
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in dilute acids or in solutions of caustic potash or soda, with the evolution 
of hydrogen. 

Zinc 18 much used m the metallic state in the form of sheets, and is 
employed as a coating for iron to protect the latter metal from rust ; the iron 
which has thus been coated is, incorrectly, called galvanised iron. Zinc dust, 
which is formed m great quantities by tne metallurgical distillation of zmc, 
consists of a mixture of finely-divided zmc and zinc oxide ; it is an excellent 
reducmg agent in acid, and especially in alkalme solutions. It is used both m 
the laboratory and in the arts , for instance, for the preparation of mdigo-vats. 

Zmc forms a number of mdustnally important alloys. 

Z'ma Oxfide^ ZnO, is a white substance which is obtamed by the oxidation 
of zmc or by igniting the carbonate or mtrate Zmc oxide forms the white 
pigment call^ zmc white, which has the advantage of not bemg discoloured 
by sulphuretted hydrogen It is used m prmtmg (especially on linmgs) as a 
body colour, and also to mcrease the action of formaldehyde-sulphoxylate 
discharges. 

Zmc Hyd/roayide, Zn(0H)2, is precipitated as a white amorphous mass from 
the solutions of zinc s^ts by caustic potash, soda, or ammonia; by an excess 
of either precipitant it is readily redissolved Neither zinc oxide nor zinc 
hydroxide are soluble m water, but freely soluble m caustic alkabes and dilute 
acids Zinc hydroxide is a diacid base and a weak di-basio acid. The com- 
pounds with bases are called zmcaiea , they are formed by dissolving zinc or 
zinc oxide or zmc hydroxide in caustic alkaliea; for instance, according to 
the equations — 

Zn + 2NaOH = Zn(0Na)2 -h Hg or Zn(OH )2 + 2NaOH = Zn(0Na)2 + SHyO. 

The zincates of the alkahes are precipitated by the salts of the other metals, 
forming zincates with the latter, for mstance — 

Zn{ 0 Na )2 + MgClg = ZnO^Mg + 2NaCl or 3Zn(0Na)a + Al 2 (S 04)8 = (ZnOgjaAla + 3 Na.jS 04 . 

By means of this reaction, compound mordants, consistmg of two or thiee 
dferent metals, are precipitated m the fibre The goods are first impregnated 
with acetate of aluminium or chromium, for instance, and subsequently passed 
through sodium zincate , a triple mordant, consistmg of aluminium, magnesium, 
and zmc, is obtamed by passmg the material, first, through a mixture of the 
acetates of aluminium and magnesium, and, subsequently, through sodium 
zincate An extensive study of the compound mordants nas been published 
by Prudhomme* m the Bulletm de Mulhouse, 1891 

The zinc solta are colourless and soluble m water or m acids. The neutral 
salts, which are soluble m water, redden htmus, possess a disagreeable metalho 
and astrmgent taste, and are poisonous 

Zmc Sulphate or White Vitriol, ZnS 04 + THgO, crystallises m long pi isms, 
and IS isomorphouB with Epsom salt (magnesium sulphate). It is efflorescent 
in the air and loses six molecules water at 100'*, it is decomposed by white 
heat 

Tho anhydrous salt, ZnS 04 , dissolves m twice its weight of cold water, and 
100 parts 01 cold water dissolve about 135 parts, and 100 parts of hot water 
665 parts of the crystallised salt Zmc sulphate is used for weighting cotton 
goods, and sometunea in dyeing wool with the basic colours. 

Zinc Chloride, ZnOl^, is a white, soluble, deliquescent substance The 
aqueous solution gives off hydrochloric acid on boiling, and a basic salt, zmc 
oayychloride, ZnOl(OH), is formed, which can also be obtamed by boiling zmc 
chloi ide with oxide or hydroxide of zmc. By addmg water to the solution of 
the basic salts, precipitates of varying composition are obtained, consistmg of 

* Joum. Soc Byers <md Got , 1891, p. 133. 
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the zinc oxychlonde and of zinc hydroxide. By boiling a solution of zinc 
chloride (1-70 sp gr.) with an excess of zinc oxide a solution is obtained, which 
dissolyes silk, 'fins solution is used in the analysis of mixed fabrics to 
separate silk from wool and from the vegetable fibres. 

Zmo chloride is' a strong dehydrating agent, and is frequently employed as 
such in the laboratory. It is largely used as a constituent of the size for cotton 
goods. Its action is simultaneously hygroscopic and antiseptic 

Zvno Nitrate^ Zn(N08)2 ^ ^ crystalline deliquescent salt On 

bemg heated to 100“ it loses watei and mtric acid, and a basic salt is formed 
Zmo nitrate is used by printers, and is prepar^ either by dissolving zmc m 
nitno acid or by the double decomposition of zinc sulphate and lead mtrate ; 
iron can be removed from the solution of this salt by boiling it with zmo oxide. 
Zmc nitrate is added to the thickened mordants, smce it prevents the thicken- 
ing from prematurely decomposmg. On account of its hygroscopicity it is also 
sometimes added to colours m woollen prmtmg 

Zi/TLO Carbonate^ ZnCOg, occurs native as calamine It is obtained by pre- 
cipitating a zinc salt with acid potassium carbonate , if the solution of normal 
potassium carbonate is added, basic carbonates of zmc of varying composition 
are thrown down. 

Ztno Acetate^ Zn(02H302)2 + SHgO, forms crystals which are readily soluble 
in water. This salt has been recommended by Henri Schmid for the fixation 
of tannic acid instead of tartar emetic j 8 to 10 parts of zmc sulphate and 
4 to 6 parts of sodium acetate ore added to 1,000 parts of water (see Basw 
Colours), 

Z%no Lactate^ ZnOgHgOg, has been patented by 0. H Boehringer Sohn for 
mordantmg cotton without previous tuning, basic colours and some other of 
the triphenylmethane senes bemg fixed tolerably well by zmc oxide 

Z%no Ferrocycmide, obtained by double decomposition from zmc sulphate and 
potassium ferrooyanide, is a good mordant for basic colours, and is produced as 
such on cotton tissues for illuminating Aniline black 

Nickel, Ni — 68 7. — Nickel is a bi- and tetravalent metal, which resembles 
iron chemically. It is a white, malleable and tenacious, very hard and mag- 
netic metal of the specific gravity 8 9 It is used m the free state for nickel- 
plating iron and other metals to protect them from oxygen and acids ; it is also 
a constituent of various alloys, such as German silver, and certain coins 

Nickel forms two oxides, the monoayide (NiO) and the sesquioxide (NiaOg) ; 
the fonner of these gives nse to nickel hydroxide and to the ordmary nickel 
salts. 

Niohel Hydroxide, Ni(OH)g, is obtained as an apple-green precipitate on 
addition of caustic potash or soda to the solution of a mckel salt , an excess of 
the precipitant does not redissolve the hydroxide It is slightly soluble in 
water, and dissolves m ammonia with a blue colour It is stable m the air, 
and dissolves readily m sulphuric, mtnc, or hydrochloric acid to form nickel 
salts. 

Nickel Sesquioxide, Ni203, is a black powder which dissolves m hydrochloric 
acid with the evolution of chlorme and formation of the same chloride os is 
obtained from the piecedmg nickel oxide 

The nickel salts are derived from nickel monoxide, and are piepared by the 
action of acids on the oxides or on the carbonate They possess a peculiar 
apple-green colour ; many of them are soluble m water The most important 
soluble nickel salts are nickel sulphate, NiSO^, + THgO, nickel chloride, NiCh, 
nickel - ammonium chloride, NiOlg NH^Cl, nickel nitrate, Ni(N09)2, nickel 
acetate, Ni(02H^2)2» nitrate-acetate, NiN03(C2H802), and nicml sulpho- 

cyamide, Ni(ONS)2. 
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Lieohti and Ulrich* have studied the mordanting properties of various 
nickel salts on cotton. They succeeded in fixing them either by first impreg- 
nating the matenal with a nickel salt and subsequently passmg it through 
soda, or by first mordanting with Turkey-red oil and subsequently with a 
nickel salt Many of the nickel salts crystallise m the fibre, and lose then: 
acid very slowly ; hence they are little suitable for mordanting. The best 
results were obtained with the cihlonde, the nickel-ammonium chloride, the 
nitrate, the nitrate-acetate, and sulphooyanide , while the sulphate and acetate 
are less serviceable owing to their great tendency to crystallise These authors 
recommend the mckel-nammonium ohlonde for dyeing, and the nickel nitrate- 
acetate for printing to produce pure colours in hglit sbides. 

The only use made of the nickel salts in dyeing or printmg is for the 
fixation of the nitroso-colours, such as dmitrosoresorcin, <ko. 

The use of nickel- and cobalt-salts for rendering certain salt colours faster 
to hght has been patented by Aykroyd and Krais, the effect of these salts 
being similar to that of blue vitriol, but much weaker j they offer, however, the 
advantage that the shade of some colours is less alt^ed than in the case of 
copp^ salts 

W, M Gardner t has studied the behaviour of nickel sulphate and cobalt 
sulphate as wool mordants. * He found that these salts are fixed beat without 
any oxalic acid, tartar, or other acid being added to the mordanting bath. 
The salts apparently do not offer advantages over the iron salts, which they 
resemble in their tmctonal character. 

Cobalt, Oo =» 69 — Oobalt and its compounds resemble mckel and its salts 
except in colour. The cobalt compounds are distmguished for the brilliancy of 
their colour , some are employed as pigments, and they impart a magnificent 
blue tint to glass. There are three oxides of oobalt The monoxide (CoO) 
forms with acids the stable Gobaltoua salts, which are pink coloured, such 
as the sulphate (O0SO4 + THoO) or ohlonde (O0OI3). The tinctorial properties 
of the oobalt compounds have D^en httle studied (see Nickel), 

Vanadium, Y =* 61 2, is tn- and pentavalent It forms five oxides, of 
which the highest, vcmad'ivm pentooiyide (YgOg), is the most important Ynhen 
dissolved in ammoma it yields ammon%wm vcmadate (ITH4Y 0^ as colourless, 
transparent, crystalhne crusts, soluble in 100 parts of water, hut almost in- 
soluble in ammonium chloride solution. The commercial ammomum vanadate 
is a dirty white powder, and yields, on treatment with hydrochlono acid, 
a reddish-yellow solution of vcmad/yl cMonde (YOOlg), which gives off ohlorme , 
at the same time the solution becomes a fine blue, and contains a vanadium 
ohlonde, possibly Y2OI4. For practical purposes this blue solution is used and 
prepared m the following way . — 

20 gnus (4 ozfl ) of amtnonmm vanadate m powder are mixed with 
100 grmB. (20 oza ) of hydrochlono aoid (34“ Tw ), and 
100 grma (20 ozs.) of water. 

The mixture is heated and 

300 0 . 0 , (iPir pmt) sodium bisulphite (65 Tw.) 

are added in small portions. The reduction takes place immediately. 

Yanadium is an exceedingly active earner or oxygen, and is used, along 
with chlorate of potash or soda, in printing and dyeing Aniline black. Extra- 
ordinarily small quantities of vanadium are sufficient According to Witz, this 
substance is still effective in a solution of 1 in 270,000 , in practice 0 0012 grm. 
is used per litre of colour, containing 80 grms Aniline hydroohlonde or 
BTUTTU weight of this salt 

* Jow'n, Soc, Byers and Od,, 1887, pp. 81, 03, 
t Ibtd,, 1890, p. 39. 
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Cerium, Oo « 140*25, has been used for the same purpose as vanadium or 
copper — as a carrier of oxygen for Aniline-black and Diphenyl-black 
printing, 

Cenum Bimlphals^ 00 ( 804)2 + in the pure state is a pmk-coloured 

ciystalline powder 

Tungsten or Wolfiram, W = 184, is chemically related to ohroiniuin. It 
forms a trioxide, l/wngaten t/noQaidey WO3, which is soluble in caustic alkalies. 
The alkaline solution yields, on addition of acids, a white precipitate of irnigstio 
H2WO4 -I- HgO. The alkaline tvmgatatea are soluble in water, and are 
crystalline. Sod/mjim tmigstate^ + 2H2O, orystalliaefl in rhombic 

tables, and is soluble in 4 parts of cold and in 2 parts of hot water ; it evmoes 
an alkaline reaction and a bitter salt-like and astringent taste. A great 
number of sodium polytungstates are known. By melting wolframite, tungsten 
ore, with soda ash a sodium tungstate {Bodivm pwratungstate^ ^®p.o^i2^4i) 
obtained. It crystallises at the ordinary temperature in large tricluuo crystals 
which contain 28 molecules of water, but, at elevated tempemtures, with less 
water It has been unsuccessfully recommended as a substitute for stannate 
of soda, and is sometimes added to this article to increase the effect of the 
stannate. Of greater importance is the application of this tungstate for the 
purpose of rendering textile goods uninflammable ; it is especially suitable for 
this purpose, since it does not affect the fibre nor the colours. 

ChA'omvum Timgatatey Or2(W 04)3, is produced by the double decomposition of 
an alkaline tungstate with chrome alum or chromium chloride, and is sold as 
a green paste, containing about 40 per cent, of dry matter. It serves as an 
oxidismg agent in Anilme-black prmting. 

Both tungsten and molybdenum may act os wool mordants, the latter 
yielding results similar to those obtained with chrome.* 

Uranium, U = 238 5, also belongs to the chromium group. 

Uramum Sulphate^ U(S04)o + SHgO, which crystallises in greenish rhombic 
crystals, has been recommended as a wool mordant,! as it yields fine grey 
shades with the Alizarins. Uranium salts are poisonous. 


VARIOUS CHEMICALS. 

O— H 

Hydrogen Peroxide, HgOg = I — Oxygenated Water , — Hydrogen per- 

0 — H 

oxide occurs in small quantities in the air and in rain water, where it is 
probably produced by the action of ozone on water. It is prepared artificially 
by dissolving banum peroxide in acidulated water at a moderate temperature. 
Other peroxides— 0 y., those of sodium or calcium — act in the same way The 
reaction proceeds according to the equation BaOg + H2SO4 = HgOg + BaSO^, 
The bauum peroxide must be used as pure as possible, and in a very finely- 
divided state. Purity is necessary for a high percentage yield, as the slightest 
impurity causes the yield to be much lessened The barium peroxide is soaked 
repeatedly in water to remove any caustic barium oxide, and finally passed 
through a fine sieve, collected on filters, and made into a paste Por the 
preparation of hydrogen peroxide the paste is very slowly mtroduced into 
dilute sulphuric acid, containing a small proportion of hydrochloric and 
phosphoric acids, care must be taken that the temperature does not exceed 
20” C , and the liquid must be stirred continually in order that the peroxide 
may never remain in contact with neutral parts of the solution, otherwise 

*E, Kneoht, Joum Soc Dyers and Ool.t 1897, p- 136. 
t W. M Gardnor, Joum Soc, Dyers cmd Ool,, 1890, p. 39* 
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decomposition takes place immediately, and the yield suffers in consequence.* 
When the solution is nearly neutrahsed it is advantageous to add sufficient 
phosphate of soda to replace the free sulphuric acid by phosphoric acid in the 
free state, since this substance has a preserving influence on the product. 
The liquid portion is separated from the sediment, the latter washed with 
water, and the wash waters are run together and made into a 3 per cent, 
solution, from which the dissolved baryta can be best precipitated by sodium 
sulphate. 

Hydrogen peroxide m the pure state is a colourless, syrupy liquid of 
1*499 specific gravity, which boils under an atmospheric pressure of 26 mm at 
69 2“ 0. The specific gravity is considerably lowered by small additions of 
water. The concentrate liquid reacts acid towards litmus ; diluted solutions, 
however, show a neutral reaction. It possesses a bitter, astrmgent taste, and 
mixes with water m all proportions, very diluted aqueous solutions can be 
boiled without the peroxide being decomposed, a part of it escaping together 
with the steam. 

Recent investigations have shown that pure hydrogen peroxide is fairly 
stable, and its readmess to decomposition is caused by certam impurities, 
especially by traces of alkalme compounds and compounds of the heavy metals. 

Technically-prepared peroxide is very unstable m concentrated solutions 
and decomposes readily with evolution of oxygen; m diluted and slightly 
acidulated (HgPO^) solutions it keeps better. 'The decomposition takes place 
even at a meobLum temperature, and, by heating, it can be increased to an 
explosion For preserving the strength of the peroxide the addition of 1 grr^ 
naphthalene per htre of peroxide has been recommended by S Zinno, and l>y 
M Sunder the addition of 2 per cent, of alcohol or ether. In consequence 
of its easy decomposition, and owing to the fact that oxygen is given off in 
the nascent state, hydrogen peroxide acts as a powerful oxidising agent. TL us 
chiomium oxide and arsemo (the element) are converted into chromic and 
arsenic acids respectively, sulphides are transformed into sulphates {eg y PbS 
into PbSOJ, organic oolourmg matters are decolourised and destroyed; from 
sulphuretted hydrogen sulphur, from hydrochloric and hydnodic acids chloiine 
and iodine respectively are separated — ^lor example, HjjOg + 2HI = Ig + 2 H 2 O 

Hydiogen peroxide acts but slowly on a solution of pure potassium iodide, 
but lodme is separated immediately on addition of ferrous sulphate (and can 
be recognised by the reaction on starch paste) The oxides of barium, 
magnesium, and zmc are oxidised by peroxide of hydrogen into the peroxides ; 
for instance, MgO + HgOg = MgOg + HgO H. Koechlm makes use of this 
fact in the bleaching of cotton. t (See p 122.) 

In the above cases hydrogen peroxide is an oxidising agent, but some 
substances are reduced by it, such as unstable oxides like file mercury, silver, 
and gold oxides , and certain acids such as chromic and permangamc acids 

The quantitative determination of hydrogen peroxide is based on its 
reaction with potassium permanganate m the presence of acids — 

SHgOa + 2 KMn 04 + = 2 MnS 04 + + SHgO + 60a 

Ohlorine m aqueous solution is oxidised to hypochlorous acid and subse- 
quently reduced to hydrochloric acid — 

1. Cla + HflOa = 2H0C1 2 HOCl + HgOa = HOI + HjO + Oj. 

Hydrogen peroxide is also resolved into water and oxygen by many 
substances in a finely-divided state ^ — egy gold, platinum, silver, caibon, or 
manganese peroxide 

* See also R Wolffenatein, Jouttl Soc Dyera and Oo/., 1907, p 260. 

tPrudhomme, Journ, Soc. Dyera and CoL, 1891, p. 136. 
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Gommeroial perocdde of hyd/rogm forms a colourless liquid which contains 
about 3 per cent H 3 O 3 in aqueous solution The strength, of the commercial 
article is expressed in volumes of available oxygen 

Hydrogen peroxide may be stored in well-tarred casks, in hnght tm vessels, 
or in such which have been coated with amber varnish or paraffin wax, or 
in glass vessels. Since many metals have a catalytic action on the substance, 
dccomposmg it mto water and oxygen, it is generally used in earthenware or 
wooden vessels It should not be exposed to light or heat, and should not be 
stored m tightly closed vessels, else these might be broken by inside pressure 
from evolved oxygen 

Hydrogen peroxide is the best bleaching a^nt known for all classes of 
fibres. Owing to its high price its apphcation was restnoted until recently to 
the bleaching of tussur silk and feathers, but it is now used in increasing 
quantities for the bleaohing of woollen goods The practical application has 
been described under Bleaching, 

Carbon Bisulphide, OSg, is produced by passing vapours of sulphur over 
red-hot charcoal. It is a colourless liqmd, usually possessmg a peculiar, very 
disagreeable smell, is very volatile, and boils at 47° 0. It has a specific gravity 
of 1 297 at 0® and is almost insoluble in waterf but is miscible with alcohol and 
ether. It is very inflammable. 

Carbon bisulphide is an excellent solvent for sulphur, phosphorus, fatty 
oils, resins, gums, and india rubber. 

Tetracldoride of Carbon 01: Carbon Tetrachlonde is obtained by the action 
of chlorine or ohlonde of sulphur on carbon bisulphide Tt is a colourless 
liquid of 1 632 specific gravity, boiling at 76 7“ 0, insoluble m water, but 
readily miscible with alcohol, e-^er, oils, petroleum benzine, and soap It is 
not inflammable, and is used in place of petroleum benzine for dissolving 
india rubber and removing stains from textile fabrics. 

Petroleum Spirit, Petroleum Benzme, and Ligroin are the light oils of 
Amencan petroleum, and consist chiefly of the saturated hydrocarbons of the 
fatty senes, which correspond to the general formula O^Hsn+a. They possess 
a specific gravii^ of 0 6 p to 0*73, ana boH from 60° to 120°, the hghtest of 
these oils are called petroleum-spint^ the heaviest hgrom They are very good 
solvents for fats, &o., and are largely used for dry cleaning. 

Benzene, CgHg, is one of the products of the destructive distillation of coal, 
and occurs in coal tor It is a colourless, mobile liquid, possessing an ethereal 
smell, and having a specific graviiy of 0 8799 at 20“ 0 ; it solidifies at about 0“, 
melts at 8 “, and boils at 80 6 ° It is very inflammable, and burns with a smoky 
flame. It is not miscible with water, but mixes in all proportions with alcohol 
and ether It dissolves very freely sulphur, phosphorus, fats, and resins 
Benzene is the raw material for the manufacture of nitrobenzene and anilme, 
&C., and is also frequently used for dry cleaning, especially in France 

Methyl Alcohol or Wood Spint, OHq(OH), is produced by the destructive 
distillation of wood. It is a colourless, mobile hquid, possessing a pure 
spirituous smell; the specific gravity is 0796 at 20“ 0 and the boihng point 
66 “ It bums with a non-lummous flame, and is miscible with water, alcohol, 
and ether. Mixtures of methyl alcohol and water possess nearly the same 
specific gravity as those of ordmary alcohol and water. 

Methyl alcohol strongly resembles ethyl alcohol 

Ethyl Alcohol or Ordinary Alcohol {Spvnts of W'lne), OnHg^H), is the 
product of the vinous fermentation of sugar — CgHjgOg = ^CgHgO + SCOg 
Pure alcohol, free from water, is called absolute clLcoJkA; it is a colourless, 
mobile liquid, possessing a pleasant spirituous smell and a burmng taste. Its 
jpecific gravity is 0 789 at 20° 0.; and it boils at 78 3“ Alcohol absorbs 
(vater from the air with avidiiy ; and mixes with water in all proportions, 
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heat being evolved, and contraction taking place. ^wJ^>»t^be_ooinpletfil^ 

separated from water by distillation , to withdraw al»’ j.— 

must be distilled with a substance capable of combining 
quicklime or potassium carbonate. 

Alcohol is very inflammable, burning with a slightly luminous blue Hame 
It dissolves many mineral salts, the caustic alkalies, the carbo-hydrates, resins, 
fatty acids, and a great many other carbon compounds. Most gases dissolve 
more freely m alcohol than in water. Some salts, such as calcium chloride or 
magnesium nitrate, form crystallme compounds with alcohol, which plays the 
part of water of crystallisation 


SPECIFIC GRAVITY OF ETHYL-ALCOHOL AND PERCENTAGE 
BY WEIGHT AT 60" P. 0.)^[Fownes), 
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0 9991 

0-6 
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34 
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68 

0 99bl 

1 

0-9490 

36 

0 8746 

69 

0 9965 

2 

0 9470 

86 

0 8721 

70 
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3 

0-9452 

37 

0 6696 

71 

0 0930 

4 

0 9434 

38 

0-8672 

72 
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6 
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39 
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73 
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6 
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40 
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74 
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7 

0 9376 

41 
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75 
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8 

0 9356 

42 

0-8581 

76 
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9 

0 9335 

43 

0 8667 

77 

0 9841 

10 

0 9314 

44 

0 8633 

78 

0 9828 

11 

0-9292 

45 

0 8508 

79 

9 9615 

12 

0 9270 

46 

0-8483 

80 

0 9802 

13 

0-9249 

47 

0 8459 

81 

0 9789 

14 

0-9228 

48 

0 8434 

82 

0 9778 

15 

0 9206 

49 

0 8408 

83 

0 9766 

16 

0-9184 

60 

0 8382 

84 

0 9763 

17 

0 9160 

61 

0-8367 

86 

0 9741 

18 

0 9136 

52 

0 8331 

86 

0 9728 

19 

0 9113 

63 

0 8306 

87 

0 9716 

20 

0-9090 

54 

0 8279 

88 

0 9704 

21 

0 9009 

55 

0 8254 

89 

0 9691 

22 

0 9047 

66 

0 8228 

90 

0 9678 

23 

0 9026 

67 

0 8199 

91 

0 9665 

24 

0-9001 

58 

0-8172 

92 

0 9052 

25 

0 8979 

59 

0-8146 

93 

0 9G38 

26 

0 8966 

60 

0 8118 

94 
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27 

0-8932 

61 

0 8089 

95 

0 9009 

28 

0 8908 

62 

0-8061 

96 

0 9593 

29 

0 8886 

63 

0 8031 

97 

0 9678 

30 

0-8863 

64 

0 8001 

98 

0 9600 

31 

0 8840 

65 

0 7969 

99 

0 9544 

32 

0-8816 

66 

0 7938 

100* 

0 9528 

33 

0 8793 

67 




Alcohol is converted by oxidising agents, such as manganese peroxide and 
sulphuric acid, chromic acid, finely-divided platinum and air, into oldehydsy 
CgH.O [alcohol dehydff*ogenatfiJb8\ and into acetic acid. 

The 'proof spirit is defined by law to be such as at the temperature of 61“ F. 
shall weigh of an equal measure of distilled water Taking water at 61“ F 
as unity, the specific gravity of “proof spirit” at 61“ F is 0‘92308. When such 
spirit IS raised to the more usual temperature of 60" F., the specific gravity is 
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0'91984. To calculate the quantity of spirits at proof in a given quantity of 
spirit over or under proof strength, multiply the quantity of spirit by the 
number of degrees of strength of the spirit^ and divide the product by 100. 
The number of degrees of strength of any spirit is 100 plus the number of 
degrees overproof, or minus the number of degrees underproof. Example — 
19*8 gallons of spirits at 64 6 overproof. 100 + 64 6 = 164 6 proof strength. 
164*6 X 19*8 100 = 32*571, taien as 32 6 gallons at proof. 

Methylated is exempted from excise duty It contains chiefly ethyl 

alcohol, as also methyl alcohol and other substances, such as resins and ^ per 
cent, of mmeral naphtha, to make it unfit for drinking Manufacturers can 
obtain it for industrial purposes without the addition of non-volatile substances. 

Amyl Alcohol or Isobutyl Carbmol {Fusel 0^Z), OgHii(OH), is the chief 
constituent of fusel oil, obtained in the rectification of potato spirit. It is a 
colourless liquid, possessing a peculiar penetrating smell ] it dissolves in alcohol 
and ether, but is not miscible with water ; one part only dissolves in 60 parts 
of water The specific gravity is 0*8104 at 20° 0., and the boiHng j)oint 132“. 
It yields on oxidation valeric acid. In its chemical properties amyl alcohol 
resembles oixlinary alcohol. 

Ether or Snlphunc Ether, (02H5)20, is produced by heating a mixture of 
alcohol and sulphuric acid to 140“ 0. It is a colourless, very mobile hquid, 
possessing a strong and peculiar ethereal smeU. It does not mix with water, 
but does so, in all proportions, with alcohol , it dissolves in ten parts of water. 
The spemfio gravity is 0 736 at 0" 0 and the boiling point 36°. It evaporates 
rapidly at the ordinary temperature , and is very mflammable, burning with a 
non-luminous flame. When mixed with air it explodes, and, from its low 
boiling point, great care must be taken to avoid explosions 

Many organic compounds, notably hydrocarbons, fats, oils, and resms, 
readily dissolve m ether. 

Ether is often used for removing stains from soiled pieces, and has the 
advantage over benzene and other solvents that it leaves no marks 

Glycerin, OQHg(OH)g, is contamed m most fats and fatty oils of the vegetable 
and animal kingdoms, and is formed m small quantities by the alcoholic 
fermentation of sugar. It is produced as a bye-product in the manufacture 
of soap and of stearm, Glycerm is a colourless syrupy liquid, which possesses 
a very sweet taste. It is very soluble in water and m alcohol, but msoluble 
m ether, and when anhydrous absorbs water from the air with avidity. It 
has a specifio gravity of 1*265 at 16“ C It boils at the ordmary pressure at 
290“ with slight decomposition, and can be distilled without being decomposed 
at a reduced pressure, or m the presence of aqueous vapour. 

Glycerm is a tnvalent alcohol, and resembles ethyl alcohol m many 
respects. It dissolves the alkahes, alkalme earths, and many metallic oxides, 
probably forming compounds analogous to alcohol. It forms ethers with the 
inorgamo and orgamc acids, the most important of which are the glycerm 
ethers of palmitic, steano, and oleic acid, which have been described m 
connection with the acids. 

Glycerin is added on account of its hygroaoopioity to pi’int-colours, finishing 
materials, &c., to prevent them from drymg 

Acetin is a mixture of the acetic ethers of glycerin (mono-, di-, and trl 
acetm), and is produced by boihng glycerm with glacial acetic acid. It is a 
solvent for some dyestuffo^ g , the insoluble Indulmes — and is used for this 
purpose in oahoo-prmtmg. 

Okve Oil. — Ohve oil is produced from olives, the fruit of the olive tree 
(Olea Europoea, Linn), which is grown m southern couptnes. The ripe ohves 
are ground to a pa^ mass and pressed. The oil obtamed from the first 
pressmg — the so-c^ea virgm oil Qvade vierge ) — ^is the best, and is used chiefly 



OILS. 


3OT 

as an edible oil. After the first pressing the material still retains much oil , 
it IS treated with hot water and pressed once more The oil obtained from 
the second pressing has a fine yeUow colour, but it is more prone to become 
rancid than the virgin-oil. It is used for Turkey-red dyeing Qmde i<>wrn(mte\ 
and for oihng wool before spinning Qiivde lampa/nte). By a third pressing an 
inferior oil is obtained, which is used for soap-making. 

Ohve oil consists chiefiy of the tri-glycendes of oleic acid, palmitic acid, 
and stearic acid, containmg about 72 per cent of olein, and 28 per cent, of 
palmitin and stearm. 

The specific gravity of different oils varies from 0-914 to 0*917, but it 
rises to 0 920, and even to 0*925 in the case of hot-pressed oils which contam 
more palmitin or stearm The oil becomes turbid at ^ 2" 0., and at - 6* 
deposits 28 per cent, of palmitm and stearin. 

Ohve oil when exposed to the air, decomposes mto free acid and glycerin, 
and becomes rancid — 03 H 5 (CigHgg 0 o)s + SHgO = OgHgOg + SOjgHg^Og It 
thus acquires a disagreeable smell and taste and an acid reachon It is 
decomposed in tlie same way by the action of steam or by boiling with acids 
or caustic alkalies; in the last case salts of the acid are formed. At the 
ordinary temperature alkahes do not decompose the oil, although they form an 
emulsion with it (see below). Gallvpoh oil or emulsive oil {h/uile toimicmte) is 
olive oil which contains free acids by having become rancid. 

When olive oil is shaken well with a dilute solution of sodium carbonate 
a white milky liquid or an emulsion is formed ; after some time two layers 
separate, one contaming the oil, the other contaming the aqueous liquid. If 
the oil contains free fatty acids they form a salt or “ soap ” with the caustic lye, 
and the presence of this soap tends to make the emulsion more permanent 
The emulsion is merely a mechamcal mixture of those parts of the oil which 
are msoluble m alkalme water (the undecomposed glycerides) with the caustic 
lye and the soluble products 01 decomposition (soaps). The oil exists in the 
emulsion in a state of the finest division, m which form it is particularly well 
absorbed by the cotton fibre. For this reason emulsive oil is extensively used 
in Turkey-red dyeing, the methods of application and the chemical reactions 
taking place in the fibre will be given under that heading. In calico-printmg 
olive olL is used as an admixture to the prmtmg colour for the purpose of 
making the paste smooth and free from air-bubbles. In silk dyeing it is 
largely used for softening the material after dyeing. 

Castor Oil — The seeds of Ricmus communis contain 40 to 46 per cent of 
oil, which consists prmcipally of trincmolein, the triglyceride of ncmoleio acid, 
togethei with some stearin and palmitin. 

Castor oil is a colourless hquid which possesses when fresh a mild, and 
afterwards an irritating taste; it is very v'scous, and when exposed to 
the air giadually thickens to a tough mass. It does not dry completely, 
even in thin layers. The specific gravity is 09 60 to 0964 according to Allen 
or 0 9613 to 0 9736 according to Yalenta It becomes solid between --10° and 
-18°C 

Pure castor oil mixes in all proportions with absolute alcohol and glacial 
acetic acid , it dissolves in two parts of alcohol of 90 per cent, strength, and 
four parts of alcohol of 84 per cent , but is insoluble in petroleum spirit. 

Castor oil is saponified analogously to olive oil, the chief product bemg 
ncinoleic acid. 

Linseed Oil is obtained from the seeds of flax, Linum tisitatissimum It 
has a light yellow, or if obtained by hot pressing, a brownish-yellow colour and 
a peculiar smell and taste. The specific gravity at 15®C is 09 30 to 0935; 
it sohdifies slowly at - 16“ to - 27°. In the air it absorbs oxygen and soon 
becomes rancid and thick, drying in thin layers to a neutral substance which 
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IS insoluble in ether. It is adulterated with fish oil, rape oil, hemp-seed oil, 
and cameline oil. 

Lanseed oil is chiefly used by painters on account of its property of drying 
and forming a varmsL Eor the same reason it is used in cotton-velvet dyeing. 
Prussian blue and other colours are mixed in a finely-ground state with linseed 
oil and painted on the velvet with brushes, m order to give it colour and a 
fine gloss. 

QulUaya Bark. — ^This product, also known as soap bark, is imported from 
South America, and contains 8 to 9 per cent, of a peculiar glucoside known as 
3 aponmy having the composition 082Hg20-^y The same compound occurs m 
soap root {Saponaria offlcmdlia) and in other plant products. Being very 
soluble m water, saponin can be easily extracted from quiUaya bark by boiling. 
It IS a glucoside, and is hydrolysed by acids to sapogemn (Oi 4 H 3 bO^) and sugar. 
The aqueous solution froths strongly and, having emidsive properties, acts like 
soap as a detergent It has a neutral reaction, and on this account it may m 
many oases find employment where soap could not be used. QuiUaya bark (or 
its extract, saponin paste) finds extensive employment in cleaning (gloves, silks, 
&c ) , as a levelling agent in dyemg wool in light shades with acid colours, and 
in conjunction with fuller’s earth in cleaning indigo-dyed woollen goods. 
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NATURAL COLOURING MATTERS. 

INDIGO. 

Indigo has long been regarded as one of the most valuable and important of 
All colouring matters. It was used m India and Egypt long before the 
Christian era. It was introduced into Europe in the sixteenth century, but 
for a great many years very little was used on account of the opposition of the 
woad cultivators, who induced the Enghsh, French, and German governments 
to prohibit its use The cultivators of woad contended that mdigo was not 
only a fugitive dye, but that it was a corrosive and pernicious drug In 
reality they feared that the importation of mdigo would rum their trade in 
woad. In France the law was so severe that Henry IV. issued an edict 
oondemning to death anyone who used that “pernicious drug,’’ which was 
called the “ devil’s food ” 

By far the greatest amount of indigo is obtained from India, and more 
■especially from Bengal, Oude, and Madras It is also manufactured in Java, 
Philippme Islands, Oh in a, Japan, Central America, Brazil, and certam parts 
of Africa. The pnncipal plants cultivated for the manufacture of this dye 
are, the Indigofera sumatroma^ Ind%gofera arreota^ Indigofera tvnctona, Indigo- 
f&ra <m%L, Indigofera disperma^ and Intkgofera argentea. There are numerous 
other species of less importance 

Indigo IS also obtained from other plants besides the genus Indigofera^ but 
to a comparatively small extent. Among these may be mentioned the Wr%ght%a 
tvnciona (cultivate to some extent in Madras), the StrohiLcmthes flaccvlifolius 
(Assam), Tephroeia toxicaria (Bombay and Bajputana), the Polygonum 
tvnctoTivm (Chma and Russia), Lonclwocirpus cyamsscena (West Coast of 
Africa), Isatis tmotoria (Chma, Afghanistan, (fee) The laatis tvmtoria or 
woad-plant was formerly largely cultivated in Europe, and was used exclusively 
up to the sixteenth century It is still grown in Lmcolnshire and on the 
Continent (South of France, Hungai’y, (fee ), but is now never used alone for 
dyemg It is employed in the fermentation vats m dyemg woollen goods. 
These vats are thus in consequence termed ivoad-vats The woad assists the 
fermentation, and dyers further contend that it causes the mdigo to penetrate 
more thoroughly mto the interior of the fibre. 

The cultivation and manufactuie of mdigo in Northern Beharhave been 
described by Rawson m the Jowm Soc Ghem Industry (May, 1899), and the 
Joum fSoo Byers and Colovnsts (July, 1899) A report to the Behar InHigo 
Planters’ Association by the same author (printed at Mozufierpore, 1904), 
contains an account of the results of five years’ experimental work m the 
cultivation and manufacture of mdigo. 

Tt has generally been stated that the plant grown in Bengal was Indigo- 
Jera tmoUrna, but accordmg to Dr Pram the plant is really Indigofera 
sumatramoy wMch was introduced into the provmce about 150 years ago. 
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In October, soon aiter the manufacturing season is at an end, the land is 
dug and thoroughly well ploughed The preparation of the land is rather 
an elaborate process. The seed is sown by drills about the end of February 
or beginning of March- It germinates m the course of four or five days, and 
by the middle of June, when the manufacturmg season usually commences, 
''^he plant has obtained a height of from 3 to 5 feet, and has a stem of about 
a quarter of an inch in diameter The leaf of the plant is of a yellowish- 
green colour and shows no mdication whatever of its containing anything 
productive of a blue colounng matter 

The leaf contains, on an average, about 0*5 per cent of colouring matter, 
the variations are very great, ranging from about 0 3 to about 0 75 per cent. 
The colouring principle exists almost exclusively m the leaf. As the plant 
grows the colouring principle gradually moreases until it reaches a maximum 
about the end of August. On the same plant new leaf is richer than old, and 
leaf near the top of a plant contains more colourmg matter than that near the 
bottom Refuse plant or “seet” is a very valuable manure, principally on 
account of the nitrogen which it contains Applied to indigo lands it usually 
produces an excellent crop, but the leaf on such plant is invariably deficient m 
colouring matter Far better results are obtamed by applymg refuse plant to 
land for other crops, and then growing indigo the following year The best 
general manure for indigo is superphosphate of lime, though many soils in 
Behar already contain sufficient phosphoric acid. Numerous trials nave been 
made in Behar with the Natal plant {Indxgof&ra arreGta)^ and it is now being 
cultivated on a somewhat large scale. Many planters are very sanguine about 
the results. They anticipate that an acre of land will yield at least double the 
amount of indigo obtamed from the ordmary plant 

Manufacture. — The manufacture of indigo in Behar is almost entirely 
Ciirned out under the direction of Europeans The manufacturing season 
usually commences about the middle of June, but it may be a fortnight earlier 
or a fortnight later Soon after cutting, the plant throws forth fresh leaf, 
and after two or three months a second crop is obtained. The first and 
principal crop is called the “Morhan” crop, and the second the “Khoonties” 
The manufacturmg seasons are spoken of as the “Morhan Mabai” and the 
“Khoontie Mahai” respectively. In some oases a week or a fortnight elapses 
between iffie two seasons ; m others there is no break. The plant is cut early 
in the mormng, often before daybreak, and taken to the factory m carts, each 
drawn by two bullocks. The work on an indigo “ concern ” is usually divided 
among a number of factories — ^from two to ten or twelve, according to the SJ 7 e 
of the concern. Each factory deals with plant grown within a r^ius of four 
or five miles. The principal part of an mdigo factory consists of steepmg vats 
and beating vats. The former are arranged on a higher level than the latter. 
Each steepmg vat has a capacity of a httle over 1,000 cubic feet. The actual 
dimensions are usually 18 feet by 16 feet by 3 feet 9 inches in depth, the depth 
being measured to the cross beams, and not to the top of the vat Each range 
of beating vats runs the whole length of the steeping vats, and has a width of 
13 feet 6 inches, a wall 3 feet high runs down the centre of the beating vat, 
but a space is left at each end so as to allow of a free circulation of the liquid 
when the wheel is set m motion. The beating wheel consists of a shaft armed 
with three seta of spokes These spokes (six m number m each set) are 
furmshed at the extremities with blades which, in revolving, chum up the 
liquid and cause a contmual circulation. In some coses tlie steeping vat is 
divided into thi*ee paits, and the wheel works m the central division The 
vats are built of brickwork faced with Portland cement They are usually 
open to the air, though m some cases the steeping vats are covered. There are 
great vaiiations in the arrangements of vats m difierent factories. In some 
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cases there are as many as eight steeping vats to one beating vat. The steep- 
ing vats are frequently arranged on each aide of two or three ranges of beating 
vats, whilst in other cases the steeping vats are arranged in long rows with the 
beating vats alongside at a lower level. Formerly the steeping vats were much 
larger than at present, having a capacity of about 2,000 cubic feet, and each vat 
had a corresponding beating vat The liquid was “ beaten” by hand instead of 
by the wheel, and each vat leamred twelve coolies armed with beatmg sticks. 
In Madras and the North-West Provinces this method is still generally 
followed, and some factories in Behar have also a few hand-beatmg vats. In 
addition to the vats the requisite plant of an mdigo factory mcludes a steam 
boiler and engine, pumps, boiling tanks, drammg tables, presses, drymg-house, 
and various workshops. On a higher level than the steepmg vats a large water 
tank or “kajana” is situated This is sometimes meide of iron, but more 
usually it is constructed of brickwork and Portland cement, like the vats. 
The water is pumped into the “ kajana ” from the neighbouring nver, stream 
or lake, and from it the steeping vats are filled. 

Loadvng the Vats a/nd Steepvng — In the first place, the vats are thoroughly 
cleansed j this is carefully done every day A number of coohes enter the vat 
and scrub every part weU, using a plentiful supply of water The plant is then 
closely stacked in the vat in a more or less upright position, so as to allow the 
entangled air to escape more freely, and the liquid, after steeping, to drain 
away more completely. 

The amount of green plant put into a vat of 1,000 cubic feet capacity vanes 
from 11,000 to 16,000 lbs. When filled, a number of pieces of bamboo are 
placed across the top, and the whole kept m position by three or four stout 
pieces of timber fixed by iron pms running through racks attached to the sides 
of the vat. Water is now run into the vat until it reaches within a few inches 
of the beams. If filled completely, the liquid would subsequently overflow, as 
the plant undergoes a considerable expansion during the steepmg process. 
A great pressure is thus exerted, and occasionally a beam is broken or the vat 
gives way The length of time required for extracting the colour-yielding 
principle vanes from nme to fourteen hours, according to the temperature and 
other climatic conditions Ten to eleven hours be considered a fair 
average period. The temperature of the water m June, J'uly, and pai-t of 
August is usually from 30" to 36" 0 , whereas in September it falls to about 
27", when a longer steeping is necessary. Whenever the temperature is under 
32" C. it IS advisable to heat the water in the reservoir to this point, or a little 
higher This is decidedly preferable to prolonging the steepmg operation. 
Indigo plant is not easily wetted by water, and for an hour or two no action 
takes place After two or three hours the liquid rises in the vat, bubbles of 
air are hberated, and the surface becomes covered with a thick froth Oarbon 
dioxide is evolved in large quantities, and, in the later stages, either marsh gas 
or hydrogen, or a mixture of the two, is freely given off. If a light be apphed 
to the suiface of the vat towards the end of the steepmg operation a blue flame 
extending for several yards may frequently be obtained faie vat has certamly 
the appearance of bemg in a state of active fermentation. After a time the 
liquid subsides, and this is the chief mdication to the overseer, or the manager, 
that the plant is sufficiently steeped. The valve is now opened and ihe liquid 
run into the beatmg vat. 

Beatvng — ^The liquid running from the steepmg into the beating vat vanes 
in colour from a bnght orange to an olive green, and possesses a peculiar 
fluorescence When sufficiently steeped the hquid which runs out at first is of 
an orange colour, but it soon changes to a yellow and finally to an ohve 
When all the vats are discharged, ihe wheel is set in motion, at first slowly, 
and gradually mcreasmg to a maximum. Under normal conditions from two 
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to three honra are required to complete the operation of beating ; although in 
some cases the length of time may be reduc^ to one or one and a-half hours. 
When nearing completion the froth, which at first was bluish, becomes white, 
and gradually disappears. In the meantime, the liquid conges through 
various shades of green to dark indigo blue In order to ascertain when the 
beating is complete, a little of the liquid is poured on to a white plate. If the 
gram or “fecula” readily settles, leaving a clear fluid, the beating is considered 
accomplished, and the wheel is stopped. A better plan is to saturate a piece of 
filter paper with the solution, and subject it to the fumes of ammonia If the 
shght^ blue colouration is developed, it is an indication that the beating is not 
complete. In place of the beatmg wheel, various other devices for oxidising 
the hqmd have been tried with more or less success The most satisfactory 
method of oxidising indigo liquor is that of forcing a current of air through the 
solution. Either steam blowers or air compressors may be employed. For this 
purpose the beatmg vat is furnished with a number of rows of perforated iron 
pipes which he at the bottom of the vat and are connected by means of 
a vertical pipe to the lower end of a steam blower or to an air compressor. 
When steam is admitted to the blower (or when the air compressor is put m 
motion) a powerful current of air is forced through the pipes and bubbles 
up through the liquid. It has the appearance of bemg m a state of violent 
ebullition, oxidation rapidly takes place, the indigo fecula settles more quickly 
and more completely than under the ordinary beating arrangements, and 
a greater yield of colourmg matter is obtained. Many planters in Behar have 
adopted the process, and have obtained, on an average, an increase of about 
20 per cent, compart with wheel beating 

After beatmg, the mdigo “ fecula ” is allowed to settle, which usually takes 
two or three hours, when the supernatant liquid “ seet water ” is run off either 
by means of a surface dramer or by removing a senes of wooden plugs arranged 
down the side of the vat. The bottom of the vat is mclmed towards one corner 
where the precipitated indigo or “mal” is collected, passed through one or two 
strainers, whence it flows to a well, from which it is elevated, usually by means 
of a steam mjector, to a large rectangular iron tank The “mol*^ is strained 
again twice on its way from the well to the boilmg tank Every precaution is 
taken to keep the mdigo clean and free from bits of twigs and dirt The 
subsequent operations (boihng, pressing, cutting, and dry mg) of preparing mdigo 
for the market are of a mechamcal nature, and need not be described here. 

The Colour-giving Principle and Solution obtained m Steeping.— It was 
formerly considered tlmt indigo blue existed ready formed in the plant, and, 
at a later penod, that it was present m the form of reduced indigo or indigo 
wHte As long ago as 1860 Schunck, in his classical researches on the 
“Formation of Indigo blue,” proved both these news to be incorrect He 
found the leaves of certain indigo -yielding plants— the l 8 at %3 t%ncto'na and 
^e Folygomm tmotorvum — to contam a peculiar compound which he named 
Ind%G(m Schunok showed that when leaves of the Polygonvm tincUmum 
boiling alcohol, the colouring prmciple was entirely removed, 

^ iTI u yellowish-grey colour When the ntahty of the frash 

Jeat had been partially destroyed by being punctured or frozen, or treated with 
acid or cold spirits of wme, and then immersed in boilmg alcohol, those 
portions which had been affected became blue, and the other portions were 
grey or colourless. Indican, which belongs to the class of bodies termed 
glucomdes, is capable of bemg split up into mdigo blue and glucose. It has 
recently been shown that this change does not take place directly, and that 
mdic^ itaelf does not contain the molecule of mdigo blue, 
k ® present m leaves of Indigofera swmatfrcma does not appear to 

be Identical with Schunck's mdican, although closely resembling it. If a leaf 
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of Indtgofera be crushed or bruised, the part does not (as in the case of laaii 
and Pdygomm) become bluish. On immersion in boiling alcohol the spo 
turns yellowish-brown 

Schunck and Homer* have shown that when indican is decomposed b] 
hydroohlono acid m the absence of oxidising agents, a substance is producec 
which cannot be converted into indigotm; and further, that indigotin i 
formed from indican by the action of hydrochloric acid in the presence 0 
an oxidising agent, and that these conditions — ^the presence of a hydrolysing 
agent and of an oxidising agent at the same time — are necessary for the pro 
duction of indigotm. From the researches of these chemists, Marohlewski anc 
Radcliffe t have propounded the theory that mdoxyl was the parent substance 
or origin of indigotm, and that the glucoside, indican, on hydrolysis yieldec 
glucose and mdoxyl. Eankmg, in a paper re^ before the Asiatic Society 0 : 
Bengal m 1896, ^so states i£at the hqmd after steepmg probably oontami 
mdo^l, and not mdigo white, as had been formerly considered to be the case. 

"Wmlst this part of the work was in the press an interesting paper 01 
Indican by A G. Perkm and W. P. Bloxam hM appeared in the Journal q 
the Ghermcul Society {Trcma , 1907, p 1716). 

Much difference of opinion has prevailed as to whether fermentation ji 
necessary for the production of mdigo blue, or whether the fermentation n 
merely a result of the steepmg process, It is possible to produce mdigo blu< 
from the plant under such conditions that bacteria could not exist, and thii 
would tend to show that fermentation was not a necessity On the other hand 
Alvarez professes to have discovered the mioro-orgomsm which produces th 
mdigo fermentation. He cultivated the microbe (named the Bacillua inckgo 
genu8\ and found that it mduoed indigo fermentation m a stenhsed extract o 
the leaves, which remained unaltered when freely exposed to the air withou 
inoculation. Br^audatJ attributes the formation of mdigo to a “diastatio 
fermentation, and not to the growth of a micro-organism 

0 Bergtheil § has shown 0iat although there are several kmds of bacterii 
capable of produomg the indigo fermentation, some of which are invariabl; 
present in an infusion of the plant, the action is m the mam dependent on \ 
specific enzyme ocourrmg m the plant cells. 

The liqmd obtained on steepmg the plant contains a number of substance 
— organic and morgonic — in solution, among which the most important, th 
indigo-forming principle, exists m very small proportion An extract of indig* 
leaves has been variously stated to possess an acid, an alkaline, and a neutra 
reaction, but it has not been clearly stated what indicator was used for detei 
mining this condition. 

Hawson found a fresh decoction of the plant to be neutral to both red an( 
blue litmus paper It was decidedly alkaline to Methyl orange, and acid t 
phenolphthalem The hquid contains a large amount of lime, magnesia, am 
potash, chiefly in combination with carbonic and organic acids. The solutioi 
obtained m steepmg contains on an average about 0 66 per cent of dry sob 
matter This amount corresponds to 66 lbs. per 1,000 gallons Nearly one 
half of the total sohds consists of mineral matter, bicarbonates of lime 
magnesia, and potash predominating The bulk of this matter, and practie 
ally the whole of the colourmg matter, is derived from the leaves. Even th 
fine stems yield but traces of colour The indigotm only equals about par 
of the total matter extracted from the plant The average amount of mdig 
produced on a manufacturing scale per 100 lbs. of plant is about 4 ozs , bu 
the figures vary greatly m different factories, and also at different times in th 
same factory. 

* Ber d deut Ohem, Oea , 1879, p. 2311. + Joum Soc Cfhem. Ind., May, 1898. 

t Oomptea Eendua, 1898, p. 769. § Jounh Ohem Soc, {Trana,), 1904, p. 870. 
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Effect of Alkalies. — Wlien an alkaline body, such as lime, soda^ or ammonia 
is added to indigo liquor, carbomo acid (free and as bicarbonate) is neutralised, 
and calcium and magnesium carbonates are precipitated. The solution thus 
treated is much more readily oxidisable by air than it was before the addition, 
and, if the oxidation is carried out without delay, an mcreaaed amount of mdi- 
gotin is mvariably obtained. Lime has been largely used, but, except under 
special conditions, there are many objections to its use. The most successful 
method of applying lime was that mtroduced by Coventry. In this case the 
great bulk of precipitated carbonates and insoluble impurities are removed by 
subsidence in a special vat placed between the steepmg and beatmg vats. Each 
steeping vat has a corresponding preoipitatmg vat The requisite amount of 
lime IS placed in a small tank or box fixed just above the outlet of the steeping 
vat It is mixed with water, and the milk of lime thus formed is allowed to 
run into the preoipitatmg vat simultaneously with the liquor run out of the 
steeper. If mixed afterwards, oxidation takes place and mdigo is lost. The 
precipitate produced and the impurities m the lime soon settle, and after half 
an hour or so the supernatant hquid is run off mto the beating vat and treated 
in the usual way. Oxidation takes place rapidly, and usually m the course of 
about half an hour the beating operation is complete. Although the great bulk 
of the lime is left in the “ precipitator,” m some cases the indigo produced by 
this process contains a large amount of mmeral matter, chiefly lime For the 
successful working of the operation it is, therefore, necessary to use an acid. 
Coventry adds the acid to the “mal” m the boiler, after runnmg off as much of 
the clear waste water as possible The exact amount of acid necessary may be 
determined by means of blue litmus paper The mdigo obtained by this process 
is of very high quality, and it usually contain a a high percentage of mdirubm 
or indigo red. Caustic soda and ammonia both give excellent results, and m 
either case the ordmary arrangement of vats may be retamed. Of all alkaline 
reagents hitherto tried, ammonia,, m the form of gas (Rawson’s process), has 
given the best results It finds special application when steam blowers or air 
compressors are used for oxidising mdigo liquor, though it may be apphed to 
any form of beatmg Indigo produced by this process is of fine and regular 
quahty. Neither yield nor quahty is mfluenoed by unfavourable climatic 
conditions, which have so great an effect upon both when the ordmary process 
of manufacture is followed 

Constituents of Indigo. — Indigotm is by far the most important constituent 
of natural indigo Its proportion vanes greatly, from 6 to 90 per cent. Good 
Bengal mdigo may be said to contam on an average from 60 to 66 per cent. 
IMadras mdigo, on the whole, is of inferior quality It contains on an average 
about 30 per cent, but the variations are much greater than m the case of 
Bengal indigo. Some qualities contain upwards of 60 per cent. Broadly 
speahmg, the mdigo made m the North-West Provinces (Oude, &c ) is of a 
quahty mtermediate between that of Bengal and Madras Java mdigo con- 
tarns, as a rule, the highest percentages of mdigotm, but the general opmion 
of woollen dyers m England is that it does not give such good results as a 
high-class Bengal product of a correspondmg quahty Indigo also contains 
another colourmg matter — viz , mdirubin or mdigo red Until comparatively 
recently this constituent was rarely present beyond 2 per cent , but at the 
present time commercial mdigo frequently contains as much as 10 per cent, 
and upwards 

In addition to mdigotm and indirubm, natural mdigo contams a variety of 
other substances which are usually regarded as impurities, though m some 
cases the organic matters have an appreciable effect m dyemg. They comprise 
indigo gluten and various brown substances, and amount m all to about 20 to 
30 per cent. Natural indigo always contams more or less mmeral matter. 
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This IS partly derived from the leaves of the plant, and partly from suspended 
matter (clay and sand) present m the water used for steeping. The amount 
of mineral matter found in natural mdigo varies greatly from 2 or 3 per cent, 
to 60 per cent , and even more. Good Bengal indigo usually contains from 
3 to 6 per cent. 

Indigotin, OigHjoNgOg, may be prepared from natural indigo in a variety of 
ways. It IS, however, very difficult to remove the last traces of impurity, 
A method which gives very good results is known as ITritzsche^s process, and 
may he performed m the following manner — 5 grammes of very finely- 
powdered indigo, 10 grammes of pure grape sugar, 50 c c. of a 40 per cent, 
solution of caustic soda, 150 0 c. of water, and 300 c 0 . of 90 per cent, alcohol 
are put mto a flask fitted with a cork and syphon tube* The mixture is heated 
on a water-bath for half an hour, and the insoluble matters are allowed to 
subside. The clear liquid is syphoned off, and a current of carbon dioxide 
passed through it, and iLen a current of air. Indigotm is thereby precipitated j 
it is collected on a filter, washed (1) with dilute hydrochloric acid, (2) with 
water, and then dried The dried product is further purified by crystallisation 
from boiling glacial acetic acid. Indigotin of a high state of punty is beat 
obtained from synthetic indigo which already contains about 98 per cent, of 
the pure substance. Indigo pure, m powder, is boiled several times with a 10 
per cent, solution of pure sulphuric acid, and well washed with hot water It 
is now reduced with hydrosulphite and c&ustic soda The filtered solution is 
oxidised by a current of air, and the washed precipitate boiled successively 
with dilute hydrochlono acid and alcohol. After drymg, the product is 
crystallised out from boilmg glacial acetic acid, and the crystals washed with 
alcohol and ether, then with hot dilute Iwdroohlono acid, and finally with 
water The crystals are now dried at 106° 0 

Pure indigotm cryatallises in beautiful dark blue or purple needles, which 
exhibit a coppery reflex The powder, which is of a deep blue colour, assumes 
a bright red bronzy appearance when burmshed Indigo begins to sublime, 
accoiding to Schunck, at 170" 0., but other authorities give a much higher 
subliming point The vapour possesses a beautiful red-violet colour, resembimg 
that of lodme In the open air, although the greater portion of the indigotm 
sublimes, it is partially decomposed, leaving a mass of porous carbon In an 
mert gas it may be volatilised without decomposition. When submitted tc 
dry distillation — that is, heated m a closed vessel either alone or with an 
alkali — indigotm is decomposed, the chief product bemg anilme 

Indigotin is a neutral body, and is insoluble in watei, ether, dilute acids, 
and alkahes It is slightly soluble m boiling alcohol with a blue colour, but is 
agam deposited on coolmg Amy lie alcohol, carbolic acid, chlorofoim, and 
carbon bisulphide also dissolve small quantities when hot, but the best solvents 
for indigotm are glacial acetic acid, nitrobenzene, qumolme, and anilme 
Boilmg paraffin dissolves indigotm with a magenta colour Concentrated 
sulphunc acid completely dissolves mdigotm, but, since its composition is 
changed, sulphuric acid cannot be considered a solvent for indigotm as 
such Glacial acetic acid containing a few drops of sulphuric acid, dissolves 
indigotm with a deep blue colour, and dilution with water leprecipitates it 
unaltered. 

By the action of oxidising agents, such as dilute nitric acid, chromic acid, 
&c , mdigotm is converted mto isatin If nitnc acid is used hot, it forms 
nitro-sahcylic acid or Picric acid, according to the strength of the acid At 
the same time other products, such as carbonic acid and oxalic acid, are 
formed. 

If indigotin is heated from 80° to 86" C. with hydrosulphite of soda 
rendered alkaline by caustic soda for 48 hours, the solution deposits a 
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precipitate from which alcohol , 'extracts a body having the composition 
0 ggH 22 N' 40 ^ while indigotin remains in the residue.* This substance, which 
is of a dark-red colour, dissolves in alkalies with a green colour. On boiling, 
the solution becomes yellow, and acids then separate a yellow precipitate 
of Jiamndme^ which yields indohne when heated with zinc 

powder. 

"When indigo white is heated with zinc powder and an aqueous solution 
of banum hydrate to 82“ 0 , it is reduced to indohne t or di-mdol, 
which subhmates on heating in long, pale yellow needles, and melts at 
118* 0 It is insoluble in water, but soluble in alcohol and in ether with 
a blue fluorescence. It combmes with acids Titanous chloride apparently 
produces a similar compound when finely-divided mdigo is boiled with tiie 
solution. 

Reduced Indigo or Indigo White. — By the action of certain bodies, termed 
“reducing agents” (compounds capable of giving up nascent hydrogen or 
assimilating oxygen), indigotin is converted into a colourless compound 
known as md%go white or reduced imdugo. This body is soluble in dilute 
alkaline liquids, such as lime, potash, or soda. It is in this form that indigo 
18 used for dyeing. The material to be dyed is immersed in a vat containing 
reduced indigo j this, on exposure to the air, is oxidised to indigotin, which is 
thus fixed in the insoluble form on the fibre 

There are numerous substances which have the power in alkaline solution 
of reducing indigo blue to mdigo white — eg^ sodium amalgam, zinc, tin, 
aluminium, magnesium, Ac. j ferrous hydrate y hydrosulphurous and hypophos- 
phorous acids ; sulphide of arsenic, &c ; glucose, gallic acid, &o , and certam 
organic ferments From a hydrosulphite vat containing an msufficient amount 
of alkah, indigo white is deposited m the form of minute, glittering, silvery- 
white crystals In an amorphous state it is a greyish-white powder, insoluble 
in water and dilute acids, but soluble in alcohol and ether, and in alkaline 
solutions; the powder on exposure to air oxidises to blue mdigotm; the change 
rapidly takes place in the presence of water. An alkaline solution of reduced 
mdigo has a brownish-yellow colour, an excess of reducing agent givej^a clear, 
bright yellow solution. On exposure to the air it becomes at first green, then 
blue, and is covered with a bronzy scum, which consists of minute crystals of 
indigotm If an oxidising agent, such as potassium bichromate, be added to 
the solution, the blue colour of indigotm is at once developed An alkaline 
solution of reduced mdigo gives bulky white precipitates with salts of alumina, 
zinc, magnesia, and the proto-salts of iron, lead, and tin. The tin compound 
was formerly used in calico-prmting. 

Indigotin Sulphonic Acids. — It has been already stated that indigotin 
dissolves m concentrated sulphuno acid, thereby undergoing a change in its 
composition. According to the conditions either mono- or disulphomc acid is 
formed. By the aetion of fuming sulphuno acid, tri- and tetra-sulphonic acids 
are formed. 

Indigotm, monoml/phmw omd, also known as sulphopurpurio acid and mdigo- 
purpuric acid, is obtained by mixing 1 part of indigotm* with 4 parts of con- 
centrated sulphuric acid, and allowing the mixture to stand not more than half 
an hour, when it is diluted with water. A beautiful purple precipitate is 
formed which is only sparmgly soluble in water The sodium salt is used m 
dyeing under the names of mdigo purple, red extract of mdigo, and red mdigo 
carmine. 

Indigotm disulphonio aoid^ also known as sulphmdigotic acid, is obtained 
by treating indigotin with a larger proportion of sulphuric acid and aUowmg it 

* Giraud, BvU 80 c Chxm de Parva^ xcxiv., p. 630. 
t SohUtzenberger, i/aAreater, 1887| p. 611. 
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to act for a longer time, or by heating the mixture, or both combined One 
part of indigotm treated with 10 or 12 parts of concentrated sulphunc acnl at 
a temperature of 90° 0 is converted into the disulphonic acid m about half an 
hour. At the ordinary temperature it is necessary to allow the mixture to- 
stand for 10 or 12 hours On diluting with water the sulphomc acid remains 
in solution, being soluble in about 60 parts of water. If any monosulphonic 
acid is present, it is precipitated in the form of a purple powder. The pure 
sulphomc acid may be obtained by adding a saturate solution of common salt 
which produces a precipitate of sodium disulphonate. The precipitate is 
collected on a filter and washed with a saturated solution of salt in order to 
remove free acid. The paste is then dissolved m water and the solution 
precipitated by lead acetate. The msoluble lead salt is washed and decomposed 
by sulphuretted hydrogen The solution freed from lead sulphide, yields on 
evaporation pure mdigodisulphomc acid It is insoluble in alcohol 

Indigodisulphomc acid is decolourised by reduomg agents m a similar 
manner to indigotm itself. The colourless solution becomes blue agam on 
exposure to air By the action of oxidising agents, such as potassium bichro- 
mate, and potassium permanganate, it is converted mto isatm disulphonic 
acid. Both these series of reactions are utilised for the estimation of mdigotm 
m commercial indigo 

Indigodisulphomc acid when treated with strong solutions of caustic 
alkalies, forms at first a green and ultimately an orange-coloured solution. 
Weak solutions and alkalme carbonates form cusulphonates, which are soluble 
in water, but very sparmgly soluble m strong saline solutions 

The potassium salt dissolves m about 150 parts of water, and the sodium 
salt is somewhat more soluble. The lead salt is insoluble, and the banum salt 
is only very sparingly soluble. The sodium salt is sold as Indigo carmme 
Strong ammonia added to a solution of sodium disulphonate produces a 
green colour, which is named by Y. H. Soxhlet,* Indigo green. The product 
has not been thoroughly mvestigated It may be simply a mixture of disul- 
phonate and some yellow decomposition product. 

Indigodisulphomc acid may be prepared synthetically by the action of 
fummg siilphunc acid on phenylglycme f 

l7id%gotm i/ri- cmd iAi/r(i-subph^ <tc%d8 have been prepared and exammed 
by W. P. Bloxam J They are formed by the action of fuming sulphunc acid 
on indigotin. He makes use of the tetra-sulphonic acid in purifying commercial 
indigo for analysis. 

fiidimbin, or Indigo red^ is isomeric with indigotin, It has 

been previously stat^ that when indican, the gluooside existing m woad, 
and probably in the Indigo/ero^ is submitted to fermentation or treated 
with dilute acids, it splits up into indigotm and sugar This indican is very 
susceptible of alteration, and its modifications yield, accordmg to existmg 
conditions, either indirubin or mdiretin and mdmumin, the latter two bodies 
forming indigo brown. Schunck found that when indican was mixed with 
caustic soda and allowed to stand for some days, the solution yielded mdirubin, 
but no indigotin. Indican thus modified by the action of caustic soda was 
named by SSiunok imdioam/n 

Whenever an alkali is used m the manufacture of mdigo, a greater 
amount of mdirubm is formed than under ordinary conditions, and the 
proportion increases according to the time allowed to elapse before oxidismg 
the liquor 

Indinibm may be obtained from commercial indigo by extraction with 
alcohol or ether, indigotm bemg msoluble. The mdigo should, m the firsi 

* CMm. Neu79, Ixiv., p. 85 + Heymann, Journ, Soc Ohem. Induairy, 1891, p. 827. 

t Jowm, 8oc. Ohem. Ind.g 1000, p. 736. 
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case, be boiled with dilute hydrochloric acid, and washed with water. A 
hot concentrated solution of indirubm in alcohol deposits the mdirubin on 
cooling m the form of microscopic bundles of dark purple-coloured needles. 
Indirubin sublimes at a lower temperature than indigotin, and condenses 
again in the form of beautiful crimson needles It is unaffected by 
weak aads and alkalies, but, like indigotm, is reduced to a colourless 
compound soluble m alkalies by the action of substances yieldmg nascent 
hydrogen. Wool or cotton immersed m such a solution and then exposed 
to the air becomes dyed a fast purple colour. Indirubm dissolves in concen- 
trated sulphuric acid, forming a deep cnmson solution, which produces no 
precipitate on dilution with water. This solution is oxidised but slowly by 
potassium permanganate or bichromate If solutions of indigotin- and 
indirubm-Bidphonic acids be mixed together and titrated m the cold with 
potassium permanganate the whole of the blue compound is decomposed 
(decolourised) before the red is affected. On slowly continuing the addition 
of potassium permanganate the colour of the solution passes from a crimson 
to blight scarlet, and then through various shades of orange to a bright 
yellow. 

Indirubin itself is unaffected when boiled with a mixture of potassium 
bichromate and sulphuno acid, whereas mdigotm is decomposed 

Indirubin dyes wool and cotton cnmson shades which are exceedingly fast 
to hght. The sulphonio acid of mdirubin dyed on wool from an acid bath is 
fax ^ter than the corresponding indigotm compound. 

Notwithstanding the fastness of shades dyed with mdirubin, this colouring 
matter, contrary to much which has been written in its favour, has very little 
value as a dye Recent experiments have shown that m the vat mdirubin is 
partially more or less quickly converted* into indigotm, whilst other portions 
are destroyed with the formation of worthless brown and yellow colounng 
matters. These changes take place particularly quickly m the zmc-lime vat ; 
but they also occur, at a less rapid rate, m hydrosulphite and other vats 

Indigo Brown. — The brown substances present m indigo are named by 
Schunck %nd^retin and mdihumin. When a solution of mdican is heated for 
some time and then treated with an acid, it yields neither indigotm nor mdi- 
rubin, but a dark brown precipitate consisting of these two bodies, which are 
invariably present to a greater or less extent m commercial mdigo 

The brown matter "dissolves in caustic soda, and a portion of it is precipi- 
tated on neutralising the liquid with an acid It dissolves in concentrated 
sulphuric acid with a deep dark brown colour, but is almost entirely precipi- 
tated on dilution with water Schunck* describes the formation of five brown 
compounds derived from mdigo blue. 

In the manufacture of indigo, more brown compounds are formed at the 
expense of mdigo the longer the liquor is allowed to stand before oxidising 

The brown matters in natural mdigo have recently been studied by A G. 
Perkin and W P Bloxam f 

Yellow , Colouring Matter — In recent years Java indigo has frequently been 
found to contain a yellow substance { which interferes greatly with the oidinary 
methods of estimating mdigotm 

This substance is almost insoluble in water and dilute acids, but dissolves 
in concentrated sulphuric acid, and remains m solution on dilution with water. 
On the addition of salt to this solution, a precipitate is obtained which is 
soluble in water It is soluble in glacial acetic acid The compound dissolves 
readily in alkaline solutions with a deep yellow colour j on the addition of 

* Memoirs qf the Lit, and Phil 5oc. of Manchester, 1864-6. 

'\Jouni, Ghem Soc (Trans ), 1907, p 279 
i Rawson, Joum. Soc. Ghem. Ind , 1899, p. 261. 
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dilnte acids it is thrown down as a pale yellow flocoulent precipitate. It is 
soluble m alcohol and ether. The solution is colourless, but a trace of alkali 
produces a deep bright yellow. On the application of a gentle heat the sub- 
stance melts, partially sublimes, giving off dense, yellowish- white vapours, and 
leaves a mass of carbon. Although nearly insoluble in water, it dyes wool 
mordanted with bichromate of potash a good yellow shade, resembling that 
given by weld or vine leaves. It does not dye unmordanted wool, hence it is 
a mordant colour. 

The same yellow compound was also found in the leaves of several samples 
of mdigo plant grown in Bengal* from NTatal-Java seed. !New leaves were 
particularly nch m this colour, but m old plants very httle was found. 

A. G, Perkin f has made a careful study of this compound and has 
established its identity with kaempferoL 

Synthetic Indigo. — ^After many years of labour, artificial mdige was mtro- 
duced into the market under the name of “Indigo pure” m July, 1897, by the 
Badische Anihn- und Soda-Fabnk Indigotm had previously been proauced 
synthetically in a variety of ways, but the cost of production was far above 
that of the natural product Baeyer’s name wiU always remain mseparably 
connected with the synthesis of mdigo In 1870 Baeyer and Emmerling 
succeeded m producing mdigotm from isatin, but the synthesifl was not com- 
plete until 1878, when the former chemist ebtained laatin from indoxyl, and m 
conjunction with Suida prepared, m its turn, mdoxyl from orthoamidophenyl- 
acetic acid. In 1880 Baeyer obtained mdigotin m various ways from cinnamic 
acid 

One method may be briefly summarised as follows : — 

(a) Formation of orthomtrocmnamic acid 

(d) Treatment with bromine whereby orthonitrodlbromhydroomnamic acid 
is produced 

^c) By action of caustic olkah orthonitrophenylpropiolic add is obtained. 

(<f) Reduction with glucose or xantliates when indigotm is formed 

In 1882 Baeyer and Drewaen obtamed indigotm from orthonitrobenzal- 
dehyde by treatmg this compound with acetone or acetic aldehyde in the 
presence of caustic alkali. In this reaction orthomtrophenyl lactone is formed 
as an intermediate product. In 1893 Kalle & Co introduced their “Indigo 
salt,” which consists of the above-named body m combination with sodium 
bisulphite. It is readily soluble m water, and yields mdigotm at once on the 
addition of caustic soda. 

In 1890 details of Heumann’s synthesis of mdigo from phenylglycocol were 
published When heated with caustic alkalies to a temperature of 250“ 0. 
phenylglycocol is converted into pseudomdoxyl, which, on oxidation, yields 
mdigotm. This process, together with several others for the production of 
indigotm and intermediate compounds, is m the hands of the Badische Anilin- 
und Soda-Pabrik The development of Heumann’s synthesis, into a practical 
technological process has been descnbed by Dr Brunck m a lecture given to 
the German Chemical Society on the 20th October, 1900 The starting point 
of this synthesis is naphthalene, which is converted into phthahc acid by 
heating it with highly concentrated sulphuric acid m the presence of mercury. 
Fo every pound of naphthalene oxidised about 4^ lbs of sulphur dioxide are 
evolved, ^so that the whole success of the process is dependent on the eflective 
recovery of this compound. The sulphur dioxide is converted mto fuming 
sulphuric acid by the contact process, and used over and over again. From 
phtlialic acid, indigotm is produced m the following stages . — 

* C Rawson, Report on the Cultivat%on and Manvfacture qf Indtgo, 1904. 

+ Joum Ckem, Soc., 1907, p. 436. 
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Indlgotln 


S 3 nQthetio indigo possesses the same ohemioal and dyeing properties as 
indlgotln from natural indigo. The two products are identical. 

Indmibin, like indigotm, can also be made synthetically, and has been put 
on the market to a limited extent by the Badische Amlin- und Soda-Pabrik. 
Baeyer obtained it by the action of indoxyl on isatin, and it is also produced 
along with indigotin by the reduction of isatin chloride. 

The constitution of synthetic indirubm was first established by Baeyer, 
but the formula he proposed has smce been slightly altered by Sohunck and 
Marchlewaki. These chemists have shown* natural and artificial indirubm to 
be identical. 

Later, Marchlewski and RadcHfiet have found synthetic and natural indi- 
rubin to behave in exactly the same manner under similar conditions They 
also found that indirubm was only partially converted mto indigotin in the 
presence of alhalme reducmg agents, whereas complete conversion took place 
when it was treated with acid reducmg agents. 


The Farbw. vorm Meister, Lucius & Bruning, as well as the Badische 
Anilin- und Soda-Fabrik, now manufacture enormous quantities of synthetic 
indigo. Each firm makes numerous brands for use m particular cases, but 
the chief forms are powder (of about 98 per cent, punty) and 20 per cent, 
paste. Brom-indigo is a weU known brand and dyes redder shades than the 
ordinary kind. In the section “ Application of Indigo,” the recipes generally 
refer to 60 per cent. Bengal mdigo, but synthetic may be m all cases sub- 
stituted in the following ratio ; — 

10 parts, . , 60 per cent Bengal mdigo. 

6 „ . . Indigo pure powder. 

30 „ . . Indigo pure 20 per cent, paste. 

Application of Indigo. — Indigo is a substantive dye, and consequently 
requires no mordant. It is used very largely both m wool and cotton dyemg. 
In addition to the dyeing and prmting of blues, mdigo is used to a very great 
extent as a bottom for compound shades. Such shades, browns, olives, blacks, 
<fec., which contam mdigo are said to be wooded In most oases the cloth or 
other material is dyed with indigo first and then filled up (mordanted, if 
necessary) with the other colouring matters. In any case, the indigo requires 
a special vat.^ As previously stated mdigo is applied to the textile fibres m 
the form of indigo white or “ reduced indigo ” soluble m alkalies. Many of 
the substances, already mentioned as bemg capable of transformmg indigo blue 
into i n d ig o white, are utihsed on the large scale for the dyeing of mdigo. For 
the dyeing of wool the vats are usually heated to a temperature of about 60“ O* 
Cotton and other vegetable fibres are generally dyed cold. 

The following are the most important indigo vats : 

*Berl JBer,, 1896, p. 639. 

fJoum. Soc, Ohem» Ind., 1898, p. 43A 
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Woad vat. 

Soda or German vat 

Potash vat. 

Unne vat 

Hyposulphite or ‘‘hydrosnlphite” vat. 

Copperas vat. 

Zmo vat 

Dyeing of Cotton. — The principal vats for cotton are the hydrosulphite, 
the copperas, and the zinc vat. 

HydrosulpMte Tats , — Sodium hydrosulphite was first recommended by 
Schutzenberger and Lalande for reducmg indigo, and is now very largely used 
in the dyeing of both wool and cotton. Hydrosulphite vats may be prepared 
either with lime or caustic soda. In either case a stock or standard vat should 
be prepared apart from the actual dyeing vat. In England the hydrosulphite- 
lime vat is used to a greater extent than the corresponding soda vat, and more 
particularly for the dyeing of wool, though it is also largely used for cotton 
yam, &o. In the dyemg of cotton more lime and less hydrosulphite are 
required than for wool The strong solution of reduced mdigo may be 
convemently prepared in a cask holding about 50 gallons in the following 
manner : — 20 lbs of 60 per cent, mdigo, thoroughly well ground to a smooth 
paste, are put mto the cask with about 20 gallons of boding water and mixed 
with milk of lime containmg 24 lbs. of quicklime In the meantime 7 gallons 
of bisulphite of soda (62® Tw.) have been slowly mixed with 7 lbs. of good 
zmc dust In about a quarter of an hour the mixture will have become of a 
light greyish colour and will have lost its smell of sulphurous acid. It is then 
added to the mixture of mdigo and lime, and the cask filled with hot water so 
as to bring the whole to a temperature of about 80® 0. The mixture is well 
stirred and the cask covered to exclude air. It is allowed to stand, with 
occasional stirring, for about two hours, when the mixture will have acquired 
a deep yellow colour and is ready for use. In dyemg, the vat is filled with 
water and a small quantity of hydrosulphite solution or mixture of bisulphite 
and zmo is added (with a httle milk of lime) to remove free oxygen After 
half an hour or so the necessary amount of reduced mdigo solution, according 
to shade required, is added, the vat well stirred, and allowed to stand for about 
an hour for the insoluble matters to settle. The dyemg may then be 
commenced 

The hydroml^hit&^oda vat possesses several advantages over the oor- 
respondmg hme vat In the first place, the vat contains httle or no sediment, 
and the goods do not require acidifying after dyemg. There is considerably 
less mdigo wasted. This vat is particularly adapted for dyeing piece goods. 
A standard indigo solution of a similar strength to that above described may 
be prepared as follows : — 20 lbs. of 60 per cent, indigo, thoroughly ground to a 
smooth paste, are put into a cask with about 15 gallons of boihng water, and 
mixed with 7 gallons of caustic soda solution (42 Tw ), To this mixture 18 
gallons of hydrosulphite solution are added with sufficient hot water to brmg 
the whole up to 60 gallons The temperature is maintamed at about 70° C. 
for one to two hours The condition of the vat may be ascertamed by dipping 
into it a strip of sheet glass. When completely reduced the liquor running 
from the strip of glass is yellow and takes about half a minute to turn green. 

The hydrosulphite solution used m preparing this vat is made m the follow- 
ing manner* — 10 gallons of bisulphite of soda (52® Tw ) are mixed with 16- 
gallons of cold water, and 8 lbs of zmc powder (made into a paste with a gallon 
of water) are slowly added with cautious stirrmg. After about an hour 2 
gallons of milk of lime (containing 10 lbs of quicklime) are added to the- 
mixture, and the whole stirred for some time and then allowed to stand for two 
to four hours. It is finally filtered, preferably by means of a filter press. The- 
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hydrosulphite solution should be used as soon as possible, and should never be 
exposed to the air In preparing a vat for dyeing, hydrosulphite solution, 
In the proportion of about 1 gallon to 600 gallons of water, is added m the 
first place, and then, after standing at least an hour, the requisite amount oi 
prepared mdigo solution according to the depth of shade to be dyed 

The Badische Amlin- und Soda-Fabnk have recently mtroduced hydro- 
sulphite in the form of powder, which greatly facihtates the preparation oi 
hydrosulphite dye vats. Hydrosulphite powder possesses the great advantage 
over all other hydrosulphite preparations in being much more concentrated and 
at the same time quite stable In working with hquid hydrosulphite there 
always a considereible loss, even under the most favourable conditions, and li 
indigo vats are only used occasionally, the loss may reach an enormous 
proportion. This is entirely avoided by the use of hydrosulphite powder. 

The Badische Amlin- und Soda-Fabnk recommend the following proper 
tions: — 10 lbs of Indigo pure 20 per cent, paste are mixed with 2 gallons oi 
cold water, 2J lbs. hydrosulphite powder are slowly added during constanf 
stirrmg for about ten minutes, when 6 pints of caustic soda solution (7 6“ Tw.' 
are added. The mixture is now heated for one to two hours until the liquid 
running from a step of sheet glass shows complete reduction In place of 1C 
lbs. of Indigo paste (20 per cent ), 3 J lbs. (60 per cent.) natural indigo may be 
taken, the quantities of die other ingredients remeiiiing the same. In preparing 
a dye-vat about 1 oz. hydrosulphite powder should be added per 100 gallons oi 
water to remove free oxygen. 

Copperas or Ferrous Sulphate Tat — This vat, which forms one of the 
eldest methods of indigo dyemg, is made up with copperas, lime, and indigo 
The lime decomposes the ferrous sulphate, forming calcium sulphate and ferrom 
hydrate, and the latter, havmg a great tendency to absorb oxygen and pass intc 
feme hydrate, decomposes water hberating hydrogen. The hydrogen is noi 
given on as gas, but immediately combines with the indigotm to fprm indigo 
white, which dissolves m the excess of lime present The amounts of indigo 
lime, and copperas vary according to the work to be done, and the order ir 
which the ingredients are added vanes with different dyers. The following 
figures give a general idea of the proportions of mdigo, copperas, and lime 
required for setting a vat : — 

Water, 200 gallons. 

Indigo (60 per cent.) 10 lbs. 

Copperas, <^0 „ 

Quiokhme, 35 ,, 


Some dyers add these substances direct to the dye vat, but it is much bettei 
to mix them previously m a more concentrated form, and to accelerate the 
reaction by the aid of heat A cask furnished with a lid answers tlie purpose 
well. The 10 lbs of mdigo, ground thoroughly well to a smooth paste, is mixec 
with 8 gallons of water at 66^ 0. Milk of hme (contaming 36 lbs quicklime 
of the same temperature is added durmg constant stirnng, and this is followec 
by the 30 lbs. of ferrous sulphate dissolved m about 10 gallons of hot water 
More water, at a temperature of 60° to 66" C , is added until the whole moasurei 


about 60 gallons. The hd is put on the cask and the mixture allowed to stanc 
(stirrmg occasionally) for three to four hours, by which time the liquor will hav( 
assumed a fine amber yellow colour The mixture may then be poured into tin 
-dye vessel which haa been already three parts filled with water, stirred up, anc 
allowed to settle Before entering the goods, the fiurry is removed by means 0 
an iron scoup called a shimmer 


The “copperas” vat is used chiefly for hanV and “resist” dyeing It 11 
not suitable as a contmuous vat It is usual to have several vats o£ differen 
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strengths, the white yam being put into the weakest vat, and then into the 
stronger ones. Three to six dips are frequently given in successively stronger 
vats. The vat mentioned above is a comparatively strong vat Weaker vats 
should be prepared (when old partially exhausted vats are not availabl e) by 
taking onediaii and one-quarter of the amount of indigo respectively. With 
weaker vats it is advisable to slightly increase the proportion of lime and 
ferrous sulphate In the preparation of a set of three vats, the following figures 
may be given as a guide — 



Strong 

Medium 

Weak 


Vat 

Vat 

Vat 

Water, 

Indigo (60 per cent.), • • 

200 galL 

10 lbs. 

200 gaU 

6I1ds. 

200 gall. 
^Ibs. 

Copperas 

Qm^hme, , • . . 

30 

18 „ 

86 „ 

20 

11 ” 


A copperas vat always contains a large amount of a bulky sediment which 
causes a considerable loss of dyestujff. Before dyemg sufiioient time must 
always be given for the vat to settle weU, otherwise finely-divided hydrated 
oxides of iron fix themselves on the fibre and produce disagreeable shades. The 
copperas vat has been largely replaced by the hydrosulphite and zmo-lime vats. 

llie Zvtbc-lime Vat — This vat is extensively used m contmuous dyeing 
machines, both for cotton warps and piece goods , m the latter case particularly 
for discharge printing. It is also used for “resist” prints and for yarn dyemg. 
It IS a comparatively simple vat, the workmg of it depending on the property 
of zinc powder leactmg on slaked lime to form calcium zmcate and hydrogen 
In the presence of mdigo the hydrogen, mstead of being liberated as gas, 
reduces the indigotin to mdigo white, which dissolves m the excess of hme 
forming a vat This is a very simple view of the prmciple of the vat, but the 
actual changes which occur are no doubt much more complex. The vat 
possesses several advantages over the copperas vat It contains but little 
sediment, and, even if not quite clear, the Shades obtamed are not affected m 
the same way as those dyed m a muddy copperas vat 

The ingredients are often added mrect to the dye-vat, and the reduction 
allowed to take place at the ordinary temperature , but it is far preferable to 
piepare the solution in a more concentrated form, at a higher temperature 
At about 50” 0 reduction is complete m four to five hours, and there is much 
less loss of mdigo than takes place with the slow reduction at the ordinary 
temperature 

As mentioned under the preparation of a copperas vat, a cask with a well- 
fitting hd forms a smtable vessel for preparing the standard solution of reduced 
indigo For a vat of 400 gallons capacity the standard solution might be 
prepared as follows — 16 lbs. of 60 per cent, mdigo, well ground with water 
mto a smooth paste, are mixed with 8 lbs. of zinc powder, made into a thin 
paste, with 8 gallons of water. To this mixture milk of lime (containmg 20 
lbs. of quicklime), at a temperature of 60" 0., is added, and the whole made 
up to about 30 gallons, witli water at 60° C. The mixture is well stured, 
covered, and allowed to stand, with occasional stirrmg, for about four hours, 
when, if m good order, it will have acquired a fine yellow colour, and be ready 
for use. In the meantime the .dye-vessel has boon nearly filled with water, and 
sharpened with 1 lb. of zmc powder and 2 lbs. of lime The solution of reduced 
indigo, with sohd matter, is poured mto the vat, which is well stirred and 
allowed to settle. The material to be dyed is run through three to five vats, 
beginnmg with the weakest, of increasing strength (partially exhausted by 
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previous dyeings), before passing into the new vat of full strength. Where 
partially exhausted vats are not available, the following figures will give some 
idea of the quantities of ingredients to be used in preparing a senes of five 
vats, eacsh of 400 gallons capacity • — 

Lbs. 1. 2. 3. 4. 5. 

Indigo (60 per cent.), • . 2 4 8 12 16 

Zinc powder, ... 2 4 6 7 8 

Qxuoklime, , . , . 6 10 16 17 20 

The vats require sharpening from time to time with small quantities of zinc 
and lime, in the proportion of 1 to 2. Goods dyed in the zinc-lime vat (as, in 
fact, with all vats where hme is used) are always acidified, after dyeing, with 
very dilute sulphuric or hydrochlonc acid (about 2 lbs. per 100 gallons of 
water), and subsequently thoroughly rinsed with water. 

Although some vats are more suitable than others for certain classes of 
goods, the kind of vat chosen for any particular work depends, to a great 
extent, upon the individual choice of the dyer. For precisely the same kind of 
work some dyers use the zmc-lime vat, whilst others use the hydrosulphite, 
prepared either with lime or soda. Much difference of opinion also exists 
regarding the most suitable size of vat to be used Ootton is dyed with indigo 
m all stages of manufacture, but mostly in the form of yarn and piece goods. 
Yam IS usually dyed by hand in narrow deep vats of about 200 gallons capacity. 
The hanks are introduced into the vat and moved to and fro under the surface 
of the liquor, turned two or three times, exposing as httle as possible to the 
air, and, after two to four mmutes, taken out and wrung either by hand or by 
rollers. After allowing the reduced indigo to oxidise, the yarn is taken to 
another and stronger vat, and the operation repeated until the desired shade is 
obtained. The white yam is always entered m the weakest vat, and then dyed 
m vats of gradually inoreasmg strength. As a rule, vats for this purpose are 
not fed with fresh mdigo, but are gradually worked out, so that each vat m 
turn becomes the weakest, when, after bemg exhausted, it is run off and a fresh 
vat made Piece goods are dyed either m ippmg vats or m contmuous dyemg 
machines. The former vats are used prmoipaUy for heavy goods and for pieces 
to be prmted by the “resist” process. They are usually rectangular, sometimes 
round, and have a capacity of 400 to 600 gallons. The cloth is stretched on 
frames by naeans of hooks in such a manner that the different folds are kept 
apart at a distance of about an mch. The frame is then lowered into the vat, 
where it is allowed to remain for a longer or shorter time (10 to 30 minutes), 
raised, and the cloth detached and exposed to the air. It is stretched again on 
the frame and dipped mto a stronger vat, the process bemg repeated until the 
desired shade is obtained. In some cases tiie oxidation is accelerated by 
paasmg the goods through water between the various dips For this class of 
dyemg either the zinc-lime or the copperas vat is usually employed 

The roller or contmuous dyeing machine is now very largely used for dyemg 
cotton cloth, both for plain blue goods and for those to be afterwards prmted 
by the discharge process. A common form of machine (shown m section and 
plan m Figs. 56 and 66) has two compartments, at the bottom of each of which 
there is a mechamcal stirrer, which enables the sediment to be well stirred up 
m setting and freshenmg the vat. The course which the pieces pursue m 
bemg dyed is shown in Fig 66 by means of arrows They pass from the 
table on which they are piled at full width over the top of the machine, 
through the stretching rollers into the first compartment (on the left), thence 
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into the second, and through the squeezing rollers at the end. From there 
they pass up and down over the rollers held by the framework fixed above 
the vat ( n order to allow the reduced mdigo to oxidise m the fibre), and 
thence over the top, back through a pair of nipping rollers, and on the 



Fig 66, — Oontmuoua indigo-dyemg machine (section). 



[ZZ] 

Fig 66. — Continuous indigo-dyeing machine (plan). 


table again. The advantages of this vat over the ordinary ones are that it 
can be readily cleaned, and the oxidation of the pieces requires very httle 
space Sometimes four, or as many as six, vats, with oxidising frames 
between each pair, are worked in a series. Either hydrosulphite or zmo-hme 
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yats are tised In the former case the oxidising frames must he considerably 
larger, as oxidation takes place more slowly on account of the excess of hydro- 
sulphite present. Hydrosulphite vats are usually fed from tune to tune with 
more indigo, but zinc-lime vats are generally exhausted and made up fresh m 
turn A continuous dyeing maohme is capable of turning out a great amount 
of work m a short time, but the goods are not penetrated so well as those dyed 
in a dipping vat. After dyemg m the hydrosulphite-soda vat the goods are 
merely rinsed m water, but, whenever lime is used m dyemg, it is necessary to 
pass them through weak acid (2 to 1,000) before rinsing A considerable 
amount of indigo is removed m rmsing, and it is advisable to run the acid bath 
and first rinsings mto settling tanks and recover the mdigo by means of some 
suitable arrangement. 

Gold FerTnentation Vats, — In Persia, Asia Mmor, and other Eastern 
countries cotton goods are largely dyed m cold fermentation vats The vessels 
most frequently used are earthenware jars of a capacity of 60 to 70 gallons. 
Pour to twelve vessels of this kmd are often set together in brickwork, and the 
space between is filled with cattle dung, which, in winter tune, is ignited and 
allowed to smoulder In this manner the vats are slightly heated, but only to 
about 20® to 26" 0. In summer no external heat is applied, and the tempera- 
ture IS usually from 25" to 30" C. The hquor is never, or very rarely, thrown 
away. When nearly exhausted a portion of the accumulated semment la 
removed, and then fresh indigo and lime are added The vats are made up 
much stronger than those used m Europe, and ore always strongly alkaline. 
The quantities vary greatly m different districts, but 6 to 8 lbs. of Bengal 
indigo are often used for vats of the capacity above mentioned. Synthetic 
indigo has also been found to be well suited for this kind of vat, and is used 
in large quantities in the East, In some oases lime (1 to 2 lbs.) is the only 
other substance added, whilst m others crude potassium carbonate is used as 
well Occasionally, if the fermentation is unusually slow, an addition of 
some saccharme matter, such as raisin s^up or dates, is made, but this is 
quite an exception. In summer time, under normal conditions, a vat is leady 
for use in about three days. The material to be dyed, usually cotton cloth in 
lengths of 6 to 8 yards, is first dipped in a vat winch has been already nearly 
exhausted, then into one of medium strength, and finally into the vat which 
has been most recently made up The cloth is pleated in folds ’and worked 
from hand to hand under the surface of the liquor, each length remaining three 
to four mmutes m the vat at a time. 

The same kind of vat is often used in the East for dyeing worsted yarn, but 
in this case less indigo is taken, and the material is left m the vat for a muoli 
longer time. 

Dyeing of Wool. — In England the wood vat and the hydrosulphite vat 
are the two principal vats employed In Germany the soda fermentatior 
vat IS also largely used. Fermentation vats are employed prmcipally, though 
by no means exclusively, in the dyeing of heavy cloth, whilst hydrosulphitt 
vats find their chief application m dyemg loose wool, slubbmg yam and hghtei 
fabrics 

Wood Yat — Fermentfeition vats, of which the wood vat is a type, require 
a great amount of skill and practical experience to be worked satisfactorily 
Unless the greatest care is taken m conducting the fermentation, much indigc 
IS destroyed The substances used in the preparation of a wood vat are 
besides woad and indigo, bran or sharps, madder, and lime In fermenting 
the starch of tibe bran is converted into grape sugar, which in turn passes 
into lactic acid, and then mto butyric acid. During the last transformatior 
hydiogen and carbonic acid are formed. The hydrogen in the nascent state 
reacts upon the mdigotin, formmg In d i go white. It is important that the 
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indigo should b© in an exceedingly fine state of division, otherwise the reducing 
action cannot take place, and the particles remain at the bottom of the vat as 
so much inert matter The indigo is put mto a mill and ground for several 
days with water until a perfectly smooth paste free from any gritty particles 
IS obtained The addition of a little caustic soda facilitates the grinding 
operation 

The vats used for dyeing are either circular or rectangular, and have a 
capacity of 1,600 to 3,000 gallons The round vats are generally made of 
cast iron, and are enclosed in brickwork so arranged as to leave a space for 
the admission of steam, by which the vats are heated Rectangular wooden 
vessels are heated by means of a coil of copper steam pipes arranged inside the 
vat In setting a wood vat, so many different ways are adopted by different 
dyers (all of which lead to good results) that no exact general directions can 
be given However, the following description will give an idea of the manner 
in which a vat is usually prepared in the North of England. Capacity of vat, 
2,700 gallons — 

Indigo (60 per oentr), 20 to 40 lbs 

Woad, . . . . . . 6 to 10 owts. 

Bran or sharps, . . 30 to 40 lbs 

Madder, 10 to 15 lbs 

Lime, . 12 to 25 lbs 

[In Germany smaller quantities of ludigo and woad are taken, and part of 
the lime is replaced by soda ] 

The vat is filled with water, and heated to 66'* 0 The crushed woad is 
introduced, and, after stirring two or three times, left overnight. The stirnng 
IS now usually done mechanically by means of a screw fixed near the bottom of 
the vat, and worked by a movable perpendicular shaft The next morning the 
finely-ground indigo, madder, bran, and lime aie added, and the whole stiired 
two or three times during the day, with the addition of 2 to 4 lbs of lime 
each time, the tempeiature bemg maontained at about 60° C. On the third 
morning, if the fermentation has proceeded satisfactorily, the vat will exhibit 
the following characteiistics . — The liquid will have a yellowish-green colour, 
and, on gently Stirling it, blue streaks will appear Avith a coppery scum or 
“flurry ” The sediment will be found to be in an active state of fermentation, 
and will possess a somewhat shai’p, but agreeable odour If some of the liquor 
IS taken in a ladle and poured bock mto the vat, the last drops will change 
slowly from green to blue The nng of froth formed by pouring the liquor 
into the vat will remain, and not break up quickly as m the early stages. I£ 
the fermentation proceeds too rapidly, it can be checked by the addition of 
lime On the other hand, if sluggish, it can be accelerated by the addition o£ 
bran As a rule, a new vat is ready for dyeing m the course of three to five 
days The condition of the vat may be ascertamed by dyeing a sample of wool 
for about twenty minutes On coming out of the liquor the wool should be 
of a greenish-yellow colour, and should gradually change to green, and then 
blue On washing with soap it should only lose a little colour The tempeia- 
ture of the vat should be maintained at about 50’ C It is not advisable to 
dye too frequently in a newly set vat 

Before dyeing, the cloth must be thoroughly well scoured, and the soap 
removed by washmg in water. When the vat is ready, and time has been 
given for the insoluble matters to subside, a 4-inch mesh net (trammel net) or 
a latticed frame is lowered to a depth of about a yard, so as to prevent ^e 
goods coining in contact with the sediment The ends of the cloth are stitched 
toc^ether in the form of an endless band, and worked under the sui*face of the 
iKuior by means of a “hawking” machine This simply consists of a fram^ 
work supporting a pair of rubber squeezmg rollers, which can be lowered 

21 
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under iihe surface of the liquid. The older method of working piece goods 
18 to “ hawk ” them by hand with two iron hooks in full width across the vat 
b^^warda and forwards. The goods are kept moving in the vat for various 
periods of time (usually from half an hour to two hours), according to the 
shade required, tne quality of the cloth, and the condition of the vat. The 
dye penetrates thick heavy cloth but slowly, and when dark shades are wanted 
on some classes of goods, the pieces are run for six or eight hours in the vat. 
They are removed, passed through squeezing rollers, and the colour developed 
by exposure to the air. In this condition the goods are said to be “ grounded,” 
and it is arranged that the shade shall be rather lighter than that ultimately 
required. They are then passed into a weaker vat, and worked until the 
desired shade is obtained. Lighter shades are usually dyed direct m one vat. 
As the goods come out of the mdigo vat the colour is a yellowish-green, but on 
exposure to air it quickly changes to green and blue-green, and finally to the 
well-known shade of indigo blue. After dyeing, the goods are well washed in 
water, and cleansed with soap and Fuller’s earth in order to remove the indigo 
which loosely adheres to the outside of the fibres. This operation is of great 
importance, if imperfectly cleaned, the goods have the objectionable property 
of “rubbing,” which counteracts m a great measure the admirable qualities 
possessed by indigo. If the pieces, however, hod not been thoroughly cleansed 
before dyeing, or if the vat had been, out of condition, no amount of “ fulling ” 
would overcome the liability of the goods to rub Before entering into the 
indigo vat, piece goods ore frequently dyed a light shade of red with barwood, 
cudbear, or Alizarin red This “bottommg” with a red colour is necessary 
with cloth made from shoddy, in order to counteract the grey or brown shade 
of the material. A deep red “bottom” is often given for the sake of cheap- 
ness It is possible to dye a dark Navy blue with a large amount of red, and 
a relatively small proportion of indigo. 

In the dyeing of loose wool, a strong hempen net or wire basket is used, 
the material bemg moved about under the surface of the liquor with poles. 
Loose wool and slubbing require a greater amount of indigo to produce a given 
shade than piece goods, each individual fibre being more completely dyed m 
the interior. Goods which are dyed m the piece only are liable to wear greyish, 
notably at the seams, the surface of the fibre being rubbed away and the m- 
terior dyed a lighter shade, becoming exposed. Goods which have been well 
dyed in the wool do not show this defect Sometimes, in order to economise 
indigo and to produce a cloth possessmg a greater resistance to wear and tear, 
the loose wool or slubbing is dyed a medium shade of blue, and, after being 
woven, the doth is- milled and ciyed up to shade. 

During the day’s work the vat is stirred once or twice and, if necessary, an 
addition of lime is made The want of lime is recognised by the peculiar 
“ mild ” smell imparted to a wooden bowl dipped into the liquor, and to the 
green colour of the solution Paper prepared with phenolphthalem also forms 
a good and useful indicator for this purpose. If the paper at once turns clearly 
pink there is too much lime present If it comes out of the vat green and 
develops to a pure blue, a little lime may be added When the vat is in a 
good condition, so far as lime is concerned, the drop of liquid running from a 
strip of phenolphthalem paper chpped into the vat just shows a famt violet 
tmge. Every evening the vat is well stirred, with additions of ground indigo 
(6 to 10 lbs.), bran, and lime It is also warmed up to such a degree that 
next morning it will have a temperature of about 60“ C. When not m use 
the vats are always kept well covered, so as to retam the heat and prevent 
oxidation A vat may be used for a period of from six to nine months, when 
the hquor clears only slowly and mcompletely, and the sediment becomes so 
bulky that it is difficult to get sufficient clear hquor space for the dyeing opera- 
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tion, No further addition of indigo is then made, but, as it will still contain 
a considerable amount of colouring matter, it is used for dyemg hght shades, 
so long as it yields sufficient colour to repay the time. Whenever practicable, 
it 18 best to -work out an old vat by dyeing loose wool in it. Some dyers 
convert their old woad vats into hydrosulphite vats, by which means the 
Indigo is more easily exhausted, 

IrregulariUea cf the Woad Yat — Fermentation vats are liable to get out 
of order, either from adding too little or too much lime, or from other causes 
The most frequent cause is the addition of too much lime, when the vat is said 
to be oversharpened. Such a state is recognised by a sharp pungent odour, by 
weakness of the flurry, as well as by the reddening of phenolphthalein paper. 
The vat dyes wool a greyish shade of blue, and on washing much of the colour 
is removed. If only moderately oversharp the vat may usually be brought 
back to a normal condition by allowing it to stand without stirrmg for a day 
01 so , or several lots of wool intend^ for dark shades may be successively 
dyed light shades m the vat In other cases, the excess of lime is neutralised 
by very carefully adding hydrochloric acid, sulphuric acid, alum, putrid urine, 
or stannous chloride Sometimes a sack of bran, weighted, is introduced inro 
the vat. A vigorous fermentation is thus brought about, and the acid products 
neutralise the lime. Mdd vats are recognised by the too sweet smell, by the 
weak flurry and green colour, and the rapidity by which the drops from a ladle 
turn blue This defect is easily remedied by sharpemng with hme and stirring 
well. Under certain conditions a vat “ runs away,” and much of the indigo is 
destroyed. Newly set vats, as well as those which are nearly exhausted, are 
most liable to behave in this manner It is brought about by a continuous 
deficiency of lime, which causes a too vigorous fermentation, resulting finally 
in putrefaction The blue scum becomes grey, and the bubbles break im- 
mediately. The sediment, of a muddy colour, is driven to the surface in 
lumps Ammonia and sulphuretted hydrogen are frequently among the pi o- 
ducts formed Unless the action has proceeded too far, when all the indigo is 
lost, the destructive fermentation may be stopped by addmg small quantities 
of lime 111 rapid succession and keepmg the vat well stirred. When the fer- 
mentation has become normal it is again fed with indigo, bran, and lime, but 
much more than ordinary attention is required m its management 

In order to avoid the irregularities to which ordinary fermentation vats are 
liable, OoUin and Benoist* have proposed to employ a completely fermentable 
food-matenal and a pure ferment. For a vat of 8,000 litres, 16 kilos of flour 
or starch ai‘e boiled for a few mmutes in water containing 1 6 kilos, of sodium 
carbonate. The stai'ch paste is transferred to the vat, and 8 kilos, of glucose, 
5-38 kilos of soda, and 1 kilo of magnesia are added. Magnesia is better 
adapted for the neutrahsation of the lactic, butyric, and other acids formed 
than hme With this vat, the amount of alkali necessary to combine with the 
above-named acids and to dissolve the reduced indigo may be calculated with 
fair accuracy As, however, the alkalmitv of the vat at the commencement 
would be too high if the total amount of alkali were to be added at once, there 
is added upon the first day only one-haK of the soda required to neutralise the 
acids formed m addition to that required to dissolve the mdigo. This is ^cu- 
lated to be 230 grms. of soda for 1 kilo, of indigo. Whilst the vat is b^g 
woiked an addition of 2 kilos of starch paste and 2 kilos, of glucose will suffice 
for 100 kilos of wool per diem The ferment, Desmohacterium hydrogemf&rum, 
is obtained pure by the foUowing cultivation process 100 of poff'to 

cuttings are allowed to digest for some time m 600 o.c. of water at 40 to 44 U. 
The liquid soon becomes peopled with micro-orgomsms, among which is toe 
Demohaotenunu A flask is now fiUed with 1 6 grms of phosphate of soda, 
* Jowm* Soc, 01i6fn, Ind.^ 1885, p. 493. 
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3 gnna. of tartrate of ammonia, 6 grmd of glucose, 6 grms of soluble starch, 
3 grms of sodium carbonate, 5 grms of lime, and 1 litre of water. The flask 
is provided with a doubly bent tube, which dips into a basin containing 
200 c.o. of water. The contents of the flask and basin are boiled for twenty 
minutes to effect sterilisation, and also to expel air, and then 60 to 60 c.c of 
the liquid containing the Besrrvohaci^um are introduced into the basin, the 
boiling being at the same time discontinued The contents of the basin are 
slowly sucked into the flask, and when this hEia cooled down sufficiently for 
the hand to touch it without inconvenience, the bent tube is dipped under 
mercury, and the whole mamtained for four or five days at a temperature of 
38" to 40° C. At the end of this period, the Desmoha^terivm will be in full 
activity, and in a pure condition ; the liquid is then to be absorbed by sawdust 
sterilised at 160° C , in the proportion of three parts of sawdust to two of 
liquid. This is dri^ at 40“ to 46" 0, and preserved in well-closed bottles. 
Of this prepared ferment 60 grms suffice for a vat of 12 cubic metres capacity. 
It is stated that a saving of 40 per cent, of indigo is thus effected. 

The 8oda or German •oat is used extensively on the Contment, but has not 
found much favour with dyers m England On the whole, it is more easily 
managed tlian the wood vat It is more suitable for light bright shades ; but 
for dai’k shades, especially on heavy cloth, the wood vat is to be preferred. 
The soda vat is prepared with indigo, bran, treacle, madder, sodium carbonate, 
and lime. Delmart gives the folio wmg propoitions for a vat of 1,800 gallons 
capacity . — 


Bengal Indigo, . 

. . . . 5 lbs. 

Treacle, 

• , . • 18 ,, 

Madder, ... 

12 „ 

Bran 

60 „ 

Soda orystala, 

50 ,, 

Lime, 

2 „ 


These quantities give a comparatively weak vat As in the case of wood 
vats, the pioportiona of ingredients used by different ^ers vary greatly For 
a vat of medium strength the Badische Amlin- und Soda-Fabrik recommend 
the following proportions for synthetic indigo — 


Capacity of vat, 2,000 gallons. 

Indigo pure S (20 per cent ), . . . . 40 Iba 

Treacle, . , 28 ,, 

hiadder, « ■ • ^ • • ■ ■ . 10,, 

Bran, • • • , • • ■ • * ^0,, 

Soda ash, . • . . ... 40 „ 

Lime, 2 ,, 


In place of the 40 lbs. mdigo paste 20 per cent , about 13 to 14 lbs. of 60 
per cent Bengal indigo might be taken 

In setting a vat the water is heated to about 66° 0 and the above 
ingredients, irrespective of order, added The vat is well stirred, covered, and 
allowed to stand for about 24 hours It is then examined and treated in a 
similar manner to the wood vat in its preparation The vat is fed with indigo, 
treacle, and lime as required, and occasionally, once or twice a week, about 
2 lbs of soda added Dyemg is conducted in this vat in the same way as m 
the wood vat 

Two other fermentation vats may be here mentioned — viz , the potash and 
the uwne vats — though at the present day they are of little importance The 
potash vat is mode up with mdigo, madder, bian, potassium carbonate, and lime 
It closely resembles the soda vat The u'nne vat is prepared with mdigo, 
putrid mine, salt, and madder The mdigo white formed during fermentation 
dissolves in the ammonium carbonate, a constituent of putrid urme. 



INDIGO. 


32i 


Eydrosulphite Vats. — ^These vats may be prepared either with soda or lime 
in the same way as hydrosulphite vats for cotton Two kinds of hydrosulphite 
lime vats are recognised — one made with ready-prepared hydrosulphite, whicl 
contains but little sediment^ and the other where aU the mgredients are addec 
to the dye-bath The latter is the kind of vat which is especially used ir 
England. The reduced mdigo is made m separate vessels and added to the 
dye-bath as required The solution m&j be prepared m the same manner eu 
described on p 316 for cotton dyevngi with this difference, that only 12 lbs. o 
quickhme are taken in place of 24 lbs Wool requires much less lime thai 
cotton, but more hydrosulphite The latter may be added in settmg the dye 
vat In startmg a new vat, the water is run m and heated to about 60“ 0 
For a vat of 2,000 gallons capacity, 4 gallons of bisulphite of soda (62® Tw.) 
pieviously mixed with 4 lbs. of zmo powder, are added, and, after stirrmg, th) 
vat IS allowed to stand for at least an hour, preferably longer. The require( 
amount of reduced mdigo hquor, according to shade desired, is now added, anc 
the whole well stirred In about half an hour the insoluble matters will havi 
subsided, and dyemg may be at once commenced 

The liquor should have a greenish-yellow colour, covered with a fine copper 
scum The temperature for dyemg should be about 60“ C. For woo’ 
slubbmg, and light goods half an hour should be given for each dip. Heavie 
and tightly woven goods require a longer time for the dye to penetrate. Shoul 
the vat become oxidised, mdicated by too green a colour being developed, 
little bisulphite of soda, previously mixed with one-tenth of its weight of zin 
powder, is added. At the same time it will be usually necessary to add a littl 
lime The proper adjustment of lime requires gieat care and attention, £ 
either too much or too httle makes a great difference in the results Too muc 
lime IS mdicated by the hquid havmg a decided yellow colour and possessing 
peculiar shppery feel , also by means of phenolphthalem paper. When in 
proper condition for dyemg, this test paper should only show the faintest vioh 
tint, when dipped mto the dye-bath. 

The hydroml^h%te-soda vat has found but little application in Great Britaii 
though it is used to a considerable extent on the Continent When made u 
with synthetic mdigo, it is quite free from sediment, and with high-class natun 
mdigo, the insoluble matters are trifling m amount On this account tl 
hydrosulphite-soda vat is pecuharly adapted for use in dyeing machmes Whe 
ordinary vats are used, there is also the advantage of smaller vessels heir 
needed, on account of no space being required for a bulky sediment Naturall 
with the employment of caustic soda foi wool-dyemg, the greatest care must 1 
taken to avoid an excess 

The Badische Anilm- und SodarFabnk recommend the following proportioi 
for a strong vat — 


Capacity of vat, .... 
Inaigo pure 20 per cent. , . 

Caustic soda solution (4^ Tw ), . 
Hydrosulphite solution (20* Tw.), 


220 gallons. 
10 lbs 
3 pints. 
74 gallons 


The mixture is heated to about 60“ C., and allowed to stand for half 
one houi, with occasional stirring It is then poured into the dye-bath, whi 
has been heated to 50° C , and the whole stirred. After standing for abo 
half an hour dyemg may be commenced. For weaker vats a greater propoitr 
of hydrosulphite is required For instance, if only 2 lbs of 20 per cent indi 
paste are taken for dyeing, ^ pint of caustic soda lye, 42° Tw., and 3 gallons 
hydrosulphite solution, 20“ Tw , are recommended If natural mdigo be uat 
3J lbs of 60 per cent may be taken in place of 10 lbs indigo pure 2() per cei 
A properly prepared bath has a greenish-yellow colour. If yellow, too mu 
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hydrosiilphite has been used ; i£ green or bluish-green, too little. The latter 
can easily be remedied by adding 1 to 3 pints hydrosulphite and stirring A 
similar aiddition of hydrosulphite is required for freshening up after dyemg. 

Mention has already been made of hydrosulphite powder for use in cotton 
dyeing. It may also be used in wool dyemg with the same advantages The 
Badisdie Amlin- und Soda-Fabrik recommend the following proportions • — 
10 lbs. Indigo pure 20 per cent paste (equivalent to lbs. 60 per cent. Bengal 
indigo) are mixed with 2 gallons of cold water, 3 lbs. of hydroaulphite powder 
are added duiong constant stirrmg for about ten minutes, when 5 pmts of 
caustao soda, 76° Tw., are added The mixture is now heated to 60^ 0. for 
about an hour, or until complete reduction has taken place. Before addmg 
the reduced indigo to the dye-bath, the latter is heated to 60” to 62“ 0., and 
for every 100 gallons of water 1 oz. of hydrosulphite powder is added For 
freshenmg the vat as required about 3 ozs of the powder per 1 00 gallons are 
used. When the vat is bemg worked contmuously it is also recommended to 
add ammonia two or three times a day in the proportion of half a pint per 
100 gallons. 

Hydrosulphite powder may also be used for preparing the hydrosulphite- 
lime vat m the following proportions . — 

Indigo (60 per cent,), 20 lbs. 

Hydrosulphite powder, 18 ,, 

Qniokhme, 5 ,, 


The indigo is ground to a fine smooth paste, and mixed with about 10 gallons 
of cold water. The hydrosulphite powder is then slowly added with continuous 
stirring. This is followed by the quicklime previously slaked and made into 
a cream. The whole is made up with hot water to 60 gallons, and kept covered 
(stirring occasionally) for one or two hours at a tempeiature of 70" to 82" C. 
The dye-bath is sharpened with hydrosulphite powder as mentioned above, the 
requisite amount of prepared indigo solution added, and the dyeing proceeded 
with in exactly the same way as previously described 

Generally speakmg, hydrosulphite vats are more easily managed than fer- 
mentation vats, and are not so liable to get out of order. A much greater 
amount of work can be done m a given time, since it is not necessary to wait 
for a large sediment to subside, as is the case with fermentation vats. When 
not required the vat can stand for a long time without being spoilt, and in a 
short tune is again made ready for use. As there is very little sediment, the 
vats seldom need renewal. 'Ihe goods dyed are cleaner than those dyed in 
wood vats. There is much less mdigo mechanically attached to the outside 
of the fabrics, consequently there is not so much loss in washing, and there 
is less hability to rub The mdigo does not penetrate into the interior of 
heavy and close^ woven cloth so well, and for such goods the wood vat is to 
be preferred. Bark shades are redder and finer dyed in wood vats than m 
hydrosulphite vats In hydroaulphite vats, no doubt, a portion at least of 
the natural red-colourmg matter is destroyed or partially converted into 
indigotm Under certam conditions — usmg too much alkali and hydrosul- 
phite — wool IS liable to be more or less attacked, acquiring a harsh handle, m 
the hydroaulphite vat j but the action, by careful management, may bo reduced 
to a minimum. 


INDIGO EXTRACT. 

It has been previously stated that when mdigo is treated with con- 
centrated sulphuric acid, it dissolves, forming mono- and disulphonic acids. 
According to the subsequent treatment which the solution receives, the 
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products are known as oAsmtc, amd or sour extract^ neutral or sweet exi/rat 
refined exi/roKit^ mdigo-oa^rmine^ soluble indigo^ &c. When a moderate propo 
tion of add is used and allowed to act for a short tune only, indigo-mon 
sulphonic acid is principally formed. This product converted mto its sodiu 
salt forms what is known as red or pv/rple ^nd%go exfn'act Its use is somewhj 
limited j the disulphomc acid compounds having a much wider applicatio 
For the manufacture of indigo extract, one part of finely-ground dry mdigo 
slowly mixed with from five to six parts of concentrated sulphuric acid in e 
earthenware vessel. The best plan is to carefully add the mdigo to the sr 
phunc acid in small portions at a time durmg constant stii-rmg with a leade 
or, preferably, porcelam stirrer. The vessel is then placed in hot water, at 
temperature of 50“ to 60° C., for about an hour, takmg care to stir the mixtu 
occasionally It wiU often be found that after well stirring, dry httle balls 
powdered indigo rise to the surface. The mixture is allowed to stand covert 
up for a period of about twenty-four hours. The product thus obtained 
known m the dye-house as chermc or Saxony hliLe It was formeily used 
this state much more than at present , it now usually receives a furtner tree 
ment Unless the mdigo is of very fine quality, previous to dissolving 
sulphuric acid, it should he broken up into small pieces or ground to a coar 
powder and treated with strong hydrochloric acid After standmg about 
quarter of an hour, hot water is added, and the whole thrown on to a filb 
and the mass thoroughly washed with boiling water. The partially punfi 
indigo 18 then dried, ground, and dissolved in sulphuric acid as above describe 
In order to convert the acid solution into “extract,” it is diluted with wai 
and treated with a saturated solution of common salt, which precipitates t 
colourmg ijiatter. After standing an hour or two, the mixture is ladled on 
a filter, made of strong woollen cloth laid upon wooden frames Between i 
cloth and the frame, cocoarnut matting or straw is placed, in order to all 
the liquid portion to run off more freely By this operation a great port] 
of the free acid as well as a valueless green colouring matter, is remov 
The pasty mass on the filter is known as ao%d mdigo extract. It is left 
dram for a period of from one to ten days, accordmg to the “strength” 
extract required, and then placed mto casks. 

Neutff'id or sweet exVrcbct of mdngo is obtained in one or two ways. 1 
acid extract may be dissolved in water, repreoipitated by salt and ag 
filtered In order to remiove the free acid completely, the process must 
repeated two or three tunes The free acid is also removed by neutrahs 
the solution with sodium carbonate, adding salt and filtering as bef( 
A purer extract is obtained (often known as refined extrcbci) by filtermg 
acid solution of mdigo, previous to adding sodium carbonate or salt In 1 
way a considerable amount (varymg according to the quality of indigo us 
of a dirty green useless colouring matter is removed The extract may 
further purified by dissolving it m water, reprecipitating with salt, 
filtering 

A still purer extract is obtained (6es^ rejmed extrewt) by treating indig< 
or refined mdigo with sulphuric acid The refined mdigo for this purpos 
usually piepared by means of ferrous sulphate and lime In the first pi 
what IS piaoticaUy a strong “copperas” vat is made (p 316), The insoli 
matters are allo^\ ^ to subside and the clear liquid made to travel in sha] 
tiouglis a considerable distance, m order to reoxidise the mdigotm 
liquid coutaming mdigo tin in suspension is then passed through a filter pi 
and the paste thus obtained dned and ground 

Sohible indigo {indigo-ca/rmine) is the best refined extract (neutrali 
niiidu from refined mdigo, dried and ground It should dissolve m w 
without leaving any residue, and should be free from any green impurities. 
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An exceedingly fine quality of mdigo exti-act may be made from synthetic 
indigo. The B^ische Amlin- und Soda-Fabnk give the following directions 
for producing it — 1 part of Indigo puie ^powderj is slowly stirred into 4 pai’ts 
of monohydrate sulphuric acid (weak fuming acid), or 8 parts of sulphuric acid, 
168“ Tw When fummg acid is used the temperature of the mixture uses 
considerably, but it should not be allowed to get above 60“ C. The mixtuie 
IS stirred with a thick glass rod and allowed to stand for twelve hours m a warm 
place It IS then ready for use 

Dyeing. — ^Indigo extract is not apphcable to cotton, but is largely used for 
silk and wool, although it has been to a considerable extent, replaced by 
vai'ious kinds of Aniline blues The more acid varieties are employed for dyemg 
wool, woollen and worsted goods Neutral extract is eiiiployed for silk, and 
particularly for dyeing the worsted of mixed or umon goods. It is also used 
in planting woollen material and worsted yam for tapestry carpets, &c. Indigo 
extract is usually dyed m a bath containing sulphuric acid and sodium sulphate. 
If the extract is very acid, no further addition is necessaiy, although within 
certain limits the more acid the bath is, the better is it exhausted Sodium 
sulphate is employed in order to obtain more regular dyeing the colour woiking 
on the wool or silk more slowly. In place of sulphuric acid, alum and tartar 
are frequently employed 

The shades pioduced with indigo extioict are much brighter than those given 
by 'oaA md%gOy but, unfortunately, they are not fast. By conversion into its 
sulphomc acid derivative, the properties of mdigo are entirely changed 
Woahmg with soap and weak alkaline solutions more or less readily removes 
the colouring matter from the fibre, and, on exposure to light, the shade fades, 
the time varying of course according to its depth of colour, and the conditions 
under which it is exposed 

Detection of Indigo and Indigo Extract on the Fibre.— -Vat mdigo may bo 
found on all fibres, though very seldom on silk Extract of mdigo will not bo 
found on cotton Indigo being a substantive dye requires no mordant. 
Consequently, a pure mdigo-dyed cloth should contain no mordant The 
presence of chromium oxide m the ash of woollen cloth mdicates (but does not 
prove) the presence of logwood or some other mordant dye Woollen material 
dyed with pure indigo is not affected by hydrochloric acid, dilute sulphuric 
acid, soap, alkalies, or cold alcohol. Hot soap solutions and alkalies remove 
some of the colour from cotton dyed with mdigo Boiling alcohol extracts a 
small quantity of blue colour, but, on cooling, it separates and the liquid becomes 
colourless Hot solutions of anilme, amyho alcohol, chloroform, quinoline, ni>ro- 
ben^ene, glacial acetic acid extract the colouring matter to a greater extent 
When the fibre is treated with cold concentrated sulphuiac acid, the liquid at fiiat 
becomes yellow, quickly olive, and slowly changes from green to a deep blue On 
the addition of water the solution remains blue ; the fibre (if wool) also is usually 
of a light blue colour. If the solution is boiled with a piece of white wool, the 
latter is dyed a bright blue shade similar to indigo extract and gives all the 
reactions of mdigo extract A drop of strong nitric acid gives a yellow spot 
surrounded by a green rmg with mdigo-djred goods This test is commonly 
applied by merch an ts and others to ascertam whether a sample of cloth is dyed 
with pure indigo or not The test known as the “nitric acid test” applied 
alone is of no value whatever, since many other blue colouring matters give 
pmctically the same reaction Some who have discarded the “ mine acid test” 
apply another, which, however, as a universal test, is also fallacious They 
immerse the cloth in hot dilute hydrochloric or sulphuric acid, and if it remains 
blue conclude that it is mdigo As a test to distinguish between mdigo and 
logwood it is quite satisfactory, but it should be borne in mind that a great 
number of blue colouring matters resist the action of moderately strong acids 
lemorkablv welL 
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Fabrics (especially cotton goods) dyed with indigo, yield purple-coloured 
vapours of mdigotm when gently ignited. If a piece of porcelain or glass be 
held over the vapours a blue deposit is obtained This is not a dehcate test, 
and IS of little value when only small quantities of indigo are present on the 
fibre In compound shades, indigo, if present, may usually be detected by 
boiling two or three times with dilute hydrochloric acid, washing with water 
and then boiling with a weak solution (about J per cent ) of sodium carbonate. 
The fibre is then dried and the various tests above mentioned applied For the 
detection of very small quantities of mdigo m compound shades flacks, biowns, 
<fec ) a solution of sodium hydrosulphite is a delicate test The material is 
boiled with dilute acids, anci, if indigo extract is present, afterwards boiled 
repeatedly with per cent, solution of sodium carbonate until the whole of 
it IS removed The fibre is then warmed gently with a solution of the hydro- 
sulphite and the hquid poured into a dish, or filter paper is saturated with it. 
In a few mmutes the hydro-sulphite is oxidised and the reduced indigo (if 
present) is converted into mdigo blues The blue precipitate may, if necessary, be 
collected and further treated by heating m a tube to show the purple vapours, (fee. 

In order to get a deeper as well as a brighter and redder shade on cotton 
yarn, after dyeing with mdigo, the material is often “ topped ” with Methyl 
violet or direct cotton reds Methyl violet is detected by boiling with alcohol, 
allowmg the solution to cool, and filtering The violet solution may be added 
to water and a small piece of wool dyed m the liquid. The wool is dried and 
the presence of Methyl violet confirmed by special tests accordmg to the tables 
at the end of this work The presence of direct cotton reds is mdicated by 
white cotton becommg dyed red when boiled m a shghtly alkaline solution 
with the sample of material The dyed cotton may then be tested with acids, 
<feo., and the results compared with the tables. 

Extract of mdigo is diatmguished from vat indigo by the colour being 
removed on boiling with a dilute solution (J per cent ) or sodium carbonate. 
On the addition of an acid to the solution, the colour is intensified, and wool or 
silk may be dyed blue m it The acidulated solution is decolourised by potassium 
permanganate. Strong hydroohloiio acid turns the fibre greemsh-blue and 
caustic soda green Nitric acid gives a yellow spot as with vat indigo 

In the Jowmal of ihs Soc, of Dyers <md Col ^ 1887, pp 127, 140, 169, 178, a 
senes of tables are given by W Lenz, for detecting various other colours m 
indigo-dyed goods 

Eatimatwn of Indigo on the Fibre, — Vanous methods have been proposed for 
the eaimiation of indigo m dyed matenal For wool and woollen fabiics (m the 
absence of other oolounng matters) fairly good results may be obtamed by 
simply treating with concentrated sulphuric acid, filteimg through glass wool, 
and washing at first with pure sulphuric acid, and finally with water The 
solution is made up to a known bulk, and the amount of mdigotm present 
determined colonmetncally. The method is not suitable for cotton goods or 
mixed fabrics Indigotm on cotton may be conveniently estimated by means 
of sodium hydrosulphite and lime, as described under analysis of indigo. In 
this case the regenerated mdigotm should be collected on an asbestos filter, 
washed, dried, dissolved in concentrated sulphuric acid, and the mdigotm 
determined either coloiumetncally or by permanganate Indigo on dyed 
material may also be estimated by means of the various volatile solvents 
described under analysis of mdigo Geiland recommends the use of nitro- 
benzene for thifl purpose, and finds that the extraction takes place much moie 
rapidly if the matenal is treated in the first place with boilmg acetic acid He 
prefers, however, to destroy the fibre (wool or cjotton) with sti’ong mineral acids 
before extracting with nitro-benzene Brylmski recommends the use of acetic 
acid for extracting mdigotm fiom the fibre (see Analysis of Indigo), Binz and 
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Rung* also use glacial acetic acid m determining the proportion of indigo fixed 
on the fibre in dyeing 

Fiom 5 to 10 grma of the dyed material are placed in a Soxhlet’s apparatus 
and extracted with about 100 c.c of glacial acetic acid The extraction should 
be completed without interruption According to depth of shade and texture 
of material from two to ten hours are required to completely extract the colour. 
On account of the liability of other substances being extracted (especially from 
cotton), instead of attempting to weigh the mdigotin as usually recommended, 
it IS beat to collect it on asbestos, wash well with hot water, dry, dissolve in 
concentrated sulphuric acid, and titrate with potassium permanganate, sodium 
hydrosulphite, or titanous chloride 

LOGWOOD. 

Logwood is one of the most important of all dyestufis It is usually 
classed as a red-wood, although it is used principally for the production of 
blue and black shades 

The colouring principle itself is of a distinct red colour, "but m combination 
with the more important mordants, it gives blue, violet, and black lakes. 

Logwood, or Oampeachy wood, is the product of a large tree of the 
leguminous family, known botanically as Hcematoxylon campechia/rmm^ which 
grows abundantly in the West Indies, Mexico, and several States of South 
America. The best commercial qualities are obtained from Honduras, St, 
Domingo, and Jamaica. The finest wood was formerly imported from Oam- 
peachy, but the supply is now almost exhausted. 

Logwood was introduced into Europe by the Spaniards shortly after the 
discovery of Amenca It does not appear to have been used m England as a 
dyestuff until the time of Elizabeth, and then its use was only of short 
duration, since by an Act of Parliament it was forbidden to be used for 
dyeing under severe penalties on the ground that it produced fugitive 
colours. Large quantities of logwood were burned, and indigo suffered m a 
similar manner This law was enforced for upwards of a century, but was 
repealed during the reign of Charles II , by which time better methods of 
application had been discovered 

In Germany Fredeiick the Great issued an edict in 1758 forbidding the 
use of logwood for the dyeing of white cloth, while in France, under Colbert^s 
administration, logwood was officially classed as a loose colour 

Logwood IS imported in the shape of in egular blocks or logs. When the 
trees are freshly felled the wood is colourless, or nearly so. By the time the 
logs arrive in Europe the outside is of a dark brownish-red colour, while 
the intenor is only pale yellow or hght orangi^ 

The colouring pnnciple of logwood ^^as fiist investigated by Chevreul m 
1810 Erdmann, in 1842, examined it further, and named the compound 
hcGTnatoxyhn This body on oxidation yield** hoematein^ which is the real 
colouring matter in prepared logwood 

HmnaioQyylvn is the result of the decomposition of a glucoside which exists 
in the fresh wood Regarding the glucoside itself, little is known, except that 
under the influence of a species of fei mentation it is decomposed with the 
formation of sugar and hjematoxylin. W M Gardner t considers that during 
the “ageing” of logwood little or no fermentation takes place, and that the 
process is merely one of oxidation , the hsemdtoxylin assumed to exist in the ^ 
freshly-cut wood being slowly converted by the oxygen of the air into hflema- 
tein The same view is upheld by Hummel I 

* Zett. angew Chemte , 1898, p 904; Joum. Soc Dyers and Col., 1899, p 74. 
t The Dyer and Calxco Printer ^ 1891 , p 8. 
t Thorpe’s Diet, qf Applied Chemistry, II., p. 473. 
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Heamatoxylin, C 2 (jHj 4 O 0 + 3 H 2 O, when perfectly pure, forms white prismatio 
crystals, hut, as already stated, they quickly become coloured on exposure 
to the air, especially when “moist, with the formation of haematem Hama- 
toxylin may be obtained by treating the finely-powdered wood or the extract 
of logwood with ether, evaporating the ethere^ solution to a syrup, adding 
a httle water, and allowmg it to stand for some days, when haamatoxylin 
crystallises out. It is only sparingly soluble m cold water, more readily 
soluble in hot water, and freely soluble in ether, alcohol, and carbon bisulphide. 
It IS iion-volatile, and on being heated is decomposed On fusing with caustic 
potajgh, pyrogalho acid is formed, which shows an mtimate relation between 
the colouring matter of logwood and the compounds of the benzene senes 

Hsematoxylin acts as a weak acid, coinbmmg with bases to form salts 
which rapidly absorb oxygen from ihe air, being thereby converted mto 
haematates Alkali dissolves it with a reddish-purple colour, which quickly 
becomes brown in the air. 

Hcematevn^ is produced from hasmatoxylm by the abstraction of 

two atoms of hydrogen, a change which takes place by the action of oxygen, 
especially in the presence of alkalies — 

^ 10 ^ 14^0 + 0 “ ^ 8 ^ 12^0 + ^^ 0 . 

It constitutes the crystalhsed constituent of the “ Hosmatine ” of thje West 
Indies Chemical Co , and can be readily separated from the other substances 
by repeated extraction with hot distilled water Like hsematoxylin, hsemar 
tein 18 only slightly soluble m cold water, but more soluble m hot. Its 
solution is decolounsed by sulphuretted hydrogen, although it is not recon- 
veited into heematoxylin It combines with alkalies, forming definite salts, 
hflematates, which are freely soluble in water On exposure to air, further 
oxidation takes place with the formation of brown insoluble bodies. 

Ag&mg or Matfwrmg of Logwood. — ^In order to bring about the decomposition 
of the glucoside, and the conversion o£ the hsematoxyhn into the colouring 
matter proper — ^hsematein — the wood is either rasped or chipped, and after the 
addition of a certain amount of water (about 25 per cent ), placed in heaps of 
about 20 feet long, 10 to 12 feet broad, and 3 or 4 feet high. The heaps are 
frequently turned over in order to allow the air to act upon the hfismatoxylin, 
and also to prevent a too great elevation of temperature, which would cause 
excessive fermentation, resulting in the complete destruction of the colon nng 
matter This operation, the socalled ageim^ or matv/nng of logwood, simple as 
it may appear, requires the greatest care and skill in its management. The 
state of the atmosphere has a great effect upon this process of fermentatibn. 
On a warm, dull and foggy day the whole of the colourmg matter in hundreds 
of tons of wood may be destroyed in the course of a few hours At such 
penods the heaps of chipped or rasped wood in process require constant 
attention, otherwise excessive oxidation ensues, with the results already 
mentioned. When this has occurred the wood is said to be “overheated,’ 
“burnt,” or “killed.” Its colounng matter is not worth extracting, and if the 
“ heating ” once sets m it cannot be checked, and the whole lot is practically 
rendered worthies^ The nature of this change is not known It may possibly 
be due to the development of some micro-organism, which, in some way or 
other, destroys the colounng matter, in a similar manner to the destruction of 
indigo by excessive fermentation in a wood vat 

When the fermentation of the wood proceeds in a satisfactory manner, 
the hsematoxylm is more or less completely converted into heBmatein by the 
oxygen of the air The ammonia formed by decomposition of the mtrogenous 
matters present no doubt plays an important part m the production of the 
colour In order to accelerate the operation the wood is sometimes watered 
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with a solution of glue — a highly nitrogenous body — but the practicje is 
attended with considerable risk of spoiling the colouring matter Prepared 
or matured logwood contains from 20 to 30 per cent more water than the 
original wood During the process of “ageing,” the colour of the wood 
changes from a yellowish-brown to a rich led-brown or dark crimson 

A decoction of matured logwood contains both heematoxylin and hcematein, 
since the former is rarely entirely converted into hflematein during the process 
of fermentation The best logwood yields only about 3 per cent of its weight 
to boiling water, and not more than 1 per cent to cold water. A decoction of 
logwood, according to its strength, possesses an orange-yellow to a dark nch 
reddish-brown colour. It gives strikingly charactenstio reactions with acids, 
bases, and various metallic salts. 

JVeal acids turn tlie solution paler. 

Oo?icent) aied acids give a blood-red colouration, which becomes orange-yellow on 
dilution 

Potash and soda give at first a purple colour, which becomes quickly blue, and more 
slowly dirty violet or brown 

ua? honates qf the alkalies give similar reactions, but the colour is redder, aud does not 
become violet. 

Ammonia gives a deep reddish-purple, which very quickly turns brown 
Baryta aarf lime water produce dark violet— nearly black — precipitates 
A sohUion of alum gives a beautiful nob plum colour, which develops slowly. 

Noimal acetate of lead gives a very dark violet precipitate 
B(mc acetate of lead — bluish-blaok dark indigo-blue precipitate 
Fetrous sxdphate — violet-block precipitate 
Feinc mlphate — smnlar, but redder 

Copper sulphate — dark red precipitate, which quickly becomes violet 
Stannous chloride — rich reddish-violet precipitate. 

Nituite qf silver — yellowish-brown preoipitate. 

Bith ornate of potash gives a blaok colouration, which develops slo’wly, on boiling a 
black precipitate is produced 

It should be observed that the colours produced in many of these reactions 
vary somewhat, according to the strength of the logwood decoction. In a veiy 
dilute solution, for example, lime water, instead of giving a dark violet pre- 
cipitate, pioduces a reddisVpurple colouration. 

Dyeing. — Logwood is used by the dyer in vaiious forms, according to the 
class of goods to bo dyed, and the shade to be obtained — 

1. The wood in the foim of chips or raspings 

2. Logwood liqnoi — a decoction of the wood 

3. Logwood extiact, in the form of paste or solid, obtained by evaporating 
the decoction. 

. Logwood IS very extensively employed in the dyeing of all textile fibres 
and all classes of fabrics Immense quantities aie used foi dyeing wool, 
col.toii, and silk black, for which purpose, os a rule, the dyer prefeis the 
chips or raspings, both on the ground of being more economical, and giving a 
tone Hupoiior to the extracts In cotton dyeing extract is piincipally used. 
In tlie dyeing of loose wool, slubbmg, or yam, the usual piactice is to w'eigh 
out the requisite amount of chopped wood into hempen bags, and suspend them 
in the dye-vessel by means of sticks laid across, and boil for twenty minutes 
01 h.ilf an hour. The bags are then taken out, allowed to diain, and after 
adding a little cold water to the vat to i educe the temperatuio, the mateiial 
to bo dyed is enteied The wood which has been thus treated is extracted a 
second or soinetimos a thud time. If, for example, it is found desirable to use 
80 lbs of wood foi a certain amount of mateiial, this might be divided into 
four bags, and, at the same time as these bags of wood are being boiled in the 
vat, four moio aie immersed which have been once extx’acted, and four others 
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which have been twice extracted After these extractions the wood is found 
to contain very little colouring matter, and may be taken away and burnt 
The woollen and worsted piece dyer uses, as a rule, rasped wood, since the fine 
particles are more easily removed in washing than chips. It is preferable, 
however, to make a decoction of the wood in a separate vessel designed for 
that purpose, and run the clear liquid only into the dye-vat This is now done 
in many dye-houses It should be remembered, however, that a weak decoction 
of logwood deteriorates on keeping 

Logwood Extract —In the dyeing of cotton and other vegetable fibres, as 
well as in printing, and latterly also to some extent in wool dyemg, logwood 
is used by preference in the foim of extract. Such extracts are obtained by 
extracting the clupped unaged wood in a series of wooden or iron vessels, 
which are worked on the counter-current principle. The extraction is either 
effected on the French system without pressure, when a smaller yield, but 
better quality, of extract results , or on t3ie American system under pressure, 
which results in a larger yield, but inferior quality. The hquors thus obtained 
are evaporated down m vacuum pans to the standard strength of exti*acts in 
general use (51° Tw ), or they may be evaporated down to such a consistency 
that they solidify on cooling 

Ordinary logwood extracts are from three to four times as strong of 
the “aged” wood, but whereas the latter contains principally hcBmatem, tht 
foimer contain piincipally the unoxidised hoaraatoxyhn, which occasionally 
separates out m crystals. Cheap logwood extracts, espeoiaUy such as an 
used for black dyeing, fiequently contain chestnut extract, while Qlaiibersalt 
molasses, and other substances are sometimes added in order to mcieast 
the specific gravity According to a recent patent of Lepetit, Dollfus 
Gansser,* the addition of magnesium sulphate (16 to 20 per cent of th< 
weight of the logwood) to the extract has the effect of producing a mud 
deeper black in dyeing 

Within recent years oxidised logwood extracts have been placed on th( 
market, in which the hjematoxylm has been either paitially or wholly con 
verted into hjematein by artificial means This may be effected, according t< 
H P Wells (German Patent No 76,607), by heating to 60” with the additioi 
of a small amount of nitrite of soda, or, according to Matheson (TJ S A. Paten 
No 642,403), by piecipitatmg the colouring matter by the addition of borax 
when oxidation takes place presumably by air contact By evaporating thi 
logwood liquor down with the addition of ammonium carbonate, a simila 
oxidation is effected, but it is doubted by some whether such artificially 
prepared extracts yield such fast colours as ordyiary extracts in the matuie( 
wood t Under the designation “Alligator Brand,” the West Indies Ohemica 
Go , of Jamaica, has for some years brought logwood extracts into the marke 
which aie manufactured where the wood grows These extracts are supphec 
in any degree of oxidation from an extiact containing 96 per cent of th 
colounng matter as hiematoxyhn to one containing hoematein only Th 
choice of tlie extiact will natumlly depend on the use to which it is to be pui 
* but piincipally on the nature of the mordant— , whether it is an oxidisin 
agent or not 

Extracts of logwood find tlieir chief apphcation in cotton dyeing, but ar 
also used on wool for the dyeing of blues and compound shades, such a 
greens, olives, drabs, and browns, when, compaiatively speaking, only sma 
quantities of colounng matter are requiied. 

Logwood is an adjective dye, and can therefore only be applied to th 
textile fibres through the medium of a moidant 

* English Patent No 9,004, 1905 , see also Joum Soc Eyers and Ool.t 1906, p. 251. 

t See Joum Soc Dyeia and Col , 1895, pp 126 and 181. 
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The mordant may be applied m various ways — (1) before the dyeing 
opemtion , (2) afterwards ^ (3) the dye and mordant may be applied together 
in the same bath , (4) the material may be mordanted first, then dyed, and 
again passed into a mordant bath The last operation is termed “ saddemng ” 
or “finishing,” and when the mordant is a hxchromate the process is sometimes 
named “ bade chroming,” 

Logwood with the more important mordants gives the following shades — 


Biohromate of potash, 
Salts of alutnina, 

„ iron, 

„ copper, . 

,, tlD, • 


Blue to block. 
Greyish violets. 

Grey to block 
Dull greenish-blue. 
Bright reddish- violet. 


Dyeing of Cotton. — ^Logwood is most usually applied to cotton for blocks, 
greys, <fcc , through the medium of iron mordant^ such as acetate or pyrolignite 
of iron, “mtrate of iron” (ferric sulphate), and ferrous sulphate (see p. 266). 
The iron oxide may be fixea direct or by means of a tannin, such as sumach or 
rnymbolans (see p. 186). The better black is obtained by tannin. Por this 
purpose the cotton cloth or yarn, after being thoroughly wetted out, is steeped 
overnight in an infusion of myrabolans (about 40 per cent); the excess of 
liquor is then removed by squeezing (not washmg), and the cotton passed 
through a weak solution of lime, which causes a tannate of lime to ,be formed 
on the fibre. The material is then worked in a bath containing acetate or 
“nitrate” of iron or copperas at about 4® Tw. for about half an hour, again 
passed through weak lime water, and well washed The tannate of iron thus 
formed on the fibre imparts to the cloth or yora a deep grey colour, and, 
consequently, less logwood is required to produce a black than when the 
material is mordanted with iron salts only. Pieces are generally prepared by 
running through a stronger solution of tannin material in a machine known as 
a The cloth or yarn is dyed in a separate bath with 30 to fiO per 

cent of logwood, and, if necessary, a small amount of fustic and usually a little 
copper sulphate The dyeing is commenced cold, and the temperature of the 
bath slowly raised to the boiling pomt. In oider to obtain a cleaner and faster 
black the cotton, after dyeing, is passed through a hot weak bath of potassium 
bichromate or “ nitrate of iron j ” and, after washing in water, scoured in soap, 
which takes away any rusty appearance, and thereby gives a more agreeable 
tone. 

The followmg is an example of dyeing a hladk on cotton yam. The 
quantities are for 60 lbs. yam : — 


1. Enter in a hot solution of sumach extract (6 quarts extract (63“ Tw.) m 
120 gallons of water). Give three turns and allow to steep overnight 

2. Sadden in a solution of “nitrate of iron ” For the fiiat lot of yarn take 
24 gallons of “nitrate of iron” (80“ Tw ) to 180 gallons of water For 
sAsequent lots add | gallon to the same bath 

3. Pass through lime water or a bath containing 4 lbs of suspended chalk. 

4. Dye in a bath containing logwood and fustic, using 6 lbs. of solid logwood 
extract and 1 lb. of fustic extract of 63“ Tw 

5 Sadden in dye-bath with 1 lb of copperas. 

6. Soap at 140^ F, with 4 lbs neutral soap 


Practically the same process may be used for pieces, the fiist operation of 
steeping being replaced by slop-padding in the sumach extract and then drying 
over tins 

In the dyeing of cotton warps, and also largely in the case of piece-goods, a 
continuous piocess is employed, the goods passmg in succession through the 
miiuus baths. 
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A common method used in piece dyeing is to pad in pyrolignite, dry, paa 
through lime water, and dye up in logwood Another method largely us^ fo 
all cotton and cotton warp fabncs (Immgs, &o.) is to prepare with tanmn, pas. 
through copper sulphate, and dye in logwood. 

The followmg method is taken from the patent specidcation of Lepetit 
DoUfus & Gansser (Enghsh Pat. No. 9,604, 190^: — Ashortt)ath is preparec 
with pure dry logwood extract (5 per cent^ and 15 to 30 per cent magnesiun 
sulphate (on the weight of the extract). The cotton is turned for an hour ai 
the boil and'ia then left in overnight Next morning it is wrung, steeped foi 
half an hour in a cold bath contammg 2^ per cent copper sulphate, rinsed 
wrung, and returned to the hot logwood bath for an hour. It is then wrung 
treat^ as before with copper sulphate, again immersed for an hour with the 
addition of 1 per cent, ammoma soda, wrung, and steeped for half an hour in i 
cold solution of copperas. Finally, dyemg is again ^ected with the additioi 
of 1 per cent. soap. 

There are various methods of obtammg chrome blacks on cotton, but thej 
are not very largely used. Perhaps the fastest is that obtained by three baths 
The first bath contains a strong decoction of logwood, equal to about 600 lbs 
of logwood for 100 lbs of cotton. Of course the bath is kept for subsequen 
lots, a much smaller quantity being required afterwards. The cotton is boilec 
in this bath for about an hour, taken out and exposed to the air for some tim< 
and then worked m a cold solution of 6 to 8 per cent, of potassium bichromab 
and 5 per cent, of copper sulphate for three-quarters to one and a half hours 
The cotton is washed and agam entered mto a logwood bath containing abou 
100 per cent, of logwood In this bath the cotton is introduced cold and thi 
hquid gradually raised to the boihng pomt Chrome blacks on cotton may b' 
produced m one bath either by means of chromium acetate or by a mixture o 
potassium bichromate and hydrochloric acid. The dye liquors must be ver 
strong 

A logwood black may be also dyed on cotton in one bath by the aid o 
copper mordants. Copper acetate and copper carbonate are the salts usualh 
employed. The copper carbonate is produced in the dye-bath itself by mixing 
sulphate of copper and soda ash m proper proportions 

A purple may be obtained on cotton with logwood by mordantmg witi 
stannous chloride. After immersing the material m a weak bath of stannou 
chloride, the cotton is washed m water which causes a precipitate of oxychlorid 
of tin to form on the cloth. It is then dyed in a fresh bath of logwoo< 
decoction, entenng cold, and gradually raising the temperature to the boiliuj 
point 

A logwood blue is dyed either in a single bath or two baths by means o 
copper acetate or sulphate The shade closely resembles the blue obtained b 
indigo, but it is not fast to light. 

Dweot black on cotton piece goods, {Noir rHu%t,) 

100 litres (10 galls ) logwood extract (63® Tw.) 

10 kilos (10 lbs ) biokromate of potash. 

60 litres (5 galls. ) aoetio acid. 

Dissolve the bichromate in the acetic acid and add this solution to th 
logwood extract, stirring for one hour Add 

26 kilos (25 lbs ) ohrome alum. 

1^ ,, (14 lbs ) oxalic acid. 

124'litres (IJ galls.) bisulphite of soda at 64® Tw 

25 IS (24 galls.) pyrolignite of iron at 16® Tw. 

Stir for four hours at 76“ 0. 
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Colour, 

16 kilos (16 lbs ) staroh 
55 litres (54 galls ) water 
40 ,, (4 galls ) direct black. 

1^ }} (li ) aoetio acid 

10 M (1 gall ) tragaoauth thickening. 

1^ „ (1 pint) oil 

2^ „ (2 pints) Persian berries extract (63“ Tw ) 

Boil up and allow to cool. 

Add 5 litres (i gall.) acetate of chrome (32® Tw ) 

24 M (2 pints) bisulphite of soda. 

24 ,, (2 pints) turkey-red oil 

Pad tbe pieces in a printing or padding machine, steam, chrome lightly, and 
soap {H, Xoechhn). 

Dyeing of Wool — As already stated large quantities of logwood are used 
for dyeing wool black Blacks are produced either by chromium mordants or 
iron mordants, and are distmguished as “ chrome ” blacks and ” iron,” or more 
usually as “copperas” blacks 

Copperas hlaok is the oldest of the logwood blacks, and formerly was used 
much more than at the present time. It has been to a great extent superseded 
by the introduction of bichromate of potash as a mordant A copperas block, 
however, if well dyed, is superior in many ways to a “ chiome ” black It is leas 
liable to turn green on exposure to light, and it is also stated that cloth dyed 
with “copperas” possesses a “kinder” and softer handle than cloth dyed with 
chrome. A coppeius block may be obtained either by mordanting before 
dyomg or mordanting afterwards The latter is the more usual custom The 
material is boded for one to one and a half hours with a decoction of logwood and 
usually a little fustic ; the amount of each varying accordmg to tlie quality of 
the wool, texture of the fabric, and the shade desired The quantities required 
may be between 40 and 100 per cent of logwood and 6 to 12 per cent of fustic, 
calculated on the weight of the material to be dyed After dyeing, the 
mordanting or “ saddening ” may take place either in the same bath or in a 
separate vessel, the latter being preferred. For this operation about 5 per cent, 
of ferrous sulphate (copperas) and 1 to 2 per cent of copper sulphate (blue vitriol) 
or copper acetate (verdigns) are added to the bath, the wool is re-entered, and 
boiled for from tnree-quai'ters to one hour The addition of a copper salt 
makes the black faster to light, and it is also considered that it assists in 
developing a fuller block by virtue of its oxidising action upon the hasma- 
toxylin The wool must not be washed between the operation of dyeing and 
saddening, otherwise much colouring matter will be lost, since it is not yet 
fixed in me fibre but merely absorbed by it 

When the wool is mordanted previously to dyeing an addition of bitartrate 
of potash, in the form of taiiar or argol, is mode to the mordant bath, in order 
to prevent the unequal precipitation of oxide of iron on the fibre Alum 
and copper sulphates are usually added as well as “copperas” The wool is 
mordanted at or near the boiling point for one and a half hours with 6 per cent, 
ferrous sulphate, 1 to 2 per cent, of copper sulphate, 1 to 2 per cent of alum, 
and about 10 per cent of tartar or argol It is taken out, squeezed, and allowed 
to he in a heap for some honis, usually overnight, befoie dyeing The dyeing is 
then proceeded with in a fresh hath, with 40 to 80 per cent, of logwood, and a 
little fustic, for one and a half hours at the boiling temperature Tlie addition 
of a little calcium acetate to the dye-bath increases the intensity of colour. 
This addition is, however, unnecessary and superfluous in the case of waters 
containing a moderate amount of lime salts. Although decidedly beneficial, 
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it is not clearly and definitely known what action take? place when the wool 
IS allowed to he for some time after mordantmg. The simplest view to take 
is that the ferrous oxide in the fibre is partially oxidised to feme oxide. 
Numerous modifications of these processes are adopted in particular cases. 
For mstance, small proportions of madder, cudbear, orchil, sumach, &c , are 
added to the dye-bath m order to produce fuller and faster blacks. 

A copperas black may be produced in a single bath on wool, but great care 
must be taken to have the necessary mgredients in proper proportions A 
well-known black of this description is Bonsor'a patent fast dvreot hlaok^ which is 
sent out in the form of a paste. It consists of the colourmg matter of logwood 
in combination with oxides of iron and copper. Only small quantities of 
copper salts are present The substance is insoluble in water, but is readily 
brought into solution by means of oxalic acid, which changes the bluish-black 
liquid to amber-brown. For 100 lbs of wool about 40 lbs of paste are required 
for the first bath. After the paste has been thoroughly mixed with the hqiior, 
3 to 4 lbs of oxalic acid are gr^ually added until the solution becomes of a dark 
amber-brown colour. The exact amount of oxalic acid to be added can only 
be determmed by practice If the hath is too acid the colour produced is thin 
and takes a long time to develop , but, on the other hand, if not sufficiently 
acid, the colour is not fast although it develops more quickly The dyeing 
usually requires from one and a half to two and a half hours, at or near the 
boiling point j after some time a little sodium carbonate might be advantageously 
added in order to neutralise the acidity which increases as the dyemg proceeds. 
The block paste itself produces a blue block, but, if a dead black is required, 
all that IS necessary is to add some yellow colouiing matter, such as fustic As 
the both is acid, one may also use some of the many acid coal-tar colours 
— red, yellow, or blue — to modify the shade as required The hath used for 
dyeing tiie dii’ect black is kept, since much of the colouring matter is left in 
solution and a smaller quantity of the black paste is required for the subsequent 
lots to be dyed Oxohe acid is again added as required. A black, properly 
dyed in this manner, stands the action of light well 

Chrome Blacks — Although bichromate of potash has been known as a 
mordant for logwood, &c , for some sixty years, many dyers have still much to 
learn regardmg its proper use. It is most important that not more than a certain 
amount of potassium bichromate should be used, and the effect of substances 
added to the mordanting bath should be carefully taken into consideration 
If too much bichromate is used, the colourmg matter is gradually destroyed and 
the dyed fabiic acquires a green shade * Chrome blacks are almost mvariably 
ob tamed by first mordantmg and then dyemg In mordantmg, about 3 lbs of 
potassium bichromate are usually taken for 100 lbs of wool, and the material 
boiled for three-quarters to one and a half hours. For the first bath rather 
raoie potassium bichromate is required It is not necessary that the liquor 
should he actually m ebulhtion, but it should be very near the boihng point. 
There is a very considerable difference m mordanting, say at 80“ 0 and at 95“ C. 
After mordantmg, the wool must be well washed, as it is important that all excess 
of potassium bichromate be removed With slubbing and yarn the washing is 
done by means of a shower Piece goods are washed in a machine designed 
for that purpose The matenal is then dyed in a fresh bath for one to one and a 
half hours, at the boiling temperature, with 50 to 80 per cent of logwood 
and 6 to 10 per cent of fustic The feistness of the black to light is much 
increased by adding some red or violet colouring matter to the dye-bath 
The substances used for this purpose aie Alizaiin red, G-allein, Gallocyanin, 
cudbeai , orchil, camwood, <fec. The best colourmg matter to use is undoubtedly 
Alizarin red, as it is much faster than any of the other reds and works well with 
* J. B Wilkinson, Joimi Soc of Dyera and CoL^ 1886, p. 36 
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logwood. The bath should not be at a higher temperature than 80“ 0. when 
the wool is entered Cudbear and orchil are often used, but the colouring 
matter is not fast to light Gallocyanih, sold under the names of Alizarin viole^ 
Alizarin purple, ITew fast violet, &o., is very good, and gives the black a rich 
bloomy appearance. Camwood, barwood, &c , are sometimes applied to the wool 
before chroming for the same purpose Common blue-blacks and dark navy 
blues are frequently dyed after chroming in a bath containing logwood, sulphuno 
acid, Glaubersalt, and Soluble blue or extract of indigo The colour, however, 
on exposure to hght soon loses its bloom, becoming grey. Blacks which have to 
be clean to waslung require another bath after dyeing When goods are takeu 
from the dye-bath they always contain some excess of colouring matter which 
IS simply absorbed by the wool. The object of the third bath is to precipitate 
and fix thiq colouring matter m the fibre. The substance usually employed 
13 potassium bichromate, but much less should be used than m mordanting. 
In this finishing or baok-chrommg bath the temperature of the hquor should 
not be higher than about 80“ C., and the amount of potassium bichromate used 
should not exceed 1 per cent, of the weight of the wool It is often m this 
finishing bath that by the use of too much potassium bichromate the black 
is rendered hable to turn green on exposure to air A dyer of slubbmg or 
yarn is frequently required to dye the material submitted to him so that it 
will not discolour boilmg distilled water. The consequence is in many 
oases he uses too much potassium bichromate in the fimshing bath, obtains 
clean black, but one whioh will probably turn green on exposure to hght 
Rawson* has examined a great number of samples of black wool which 
have turned green on exposure, and m every case an excess of chromium 
was found 

It is difficult to state a main mum amount of chrome which should be present 
on the fibre, since much depends upon its condition — i,e , whether present as 
chromium oxide or as a chromate. The chromate is decidedly the more 
injurious. Now, when an excess of potassium bichromate is used in “back 
chroming” or finishing a great portion of it undoubtedly remains on the 
material as chromate. If too much has been used in the first chroming any 
chromate fixed on the fibre is, no doubt, reduced to chromic oxide at the 
expense of the colouring matter of the logwood To give an approximate idea 
of the amount of chromium which should be present, the following case may be 
cited . — Of two i^amples of yam dyed by the same dyer under practically the 
same conditions, one was found to turn green in a very short time, whereas 
the other remained unchanged. It was found that the one which turned 
green contained chromium equal to 1 62 per cent of potassium bichromate, 
and the other equal to 1*1 per cent 

Instead of usmg potassium bichromate in the third bath, one may use other 
salts, which, however, are generally added to the dye-bath when the dyeing has 
been completed. If 3 per cent, ferrous sulphate is added, and the goods 
worked for about a quarter of an hour longer, a dead black is obtained, and the 
excess of colouring matter is at the same time fixed, although the material is 
not as deem as if it had been finished with potassium bichromate If 2 per 
cent of stannous chloride is added m place of the ferrous sulphate a rich violet- 
black IS produced. The same effect is obtamed by usmg Gallocyanm with the 
logwood. 

In mordanting with potassium bichromate, frequently other substances, 
such as acids or acid salts, are added to the bath Sulphuric acid is the most 
common addition , but it should never exceed one-third the amount of potassium 
bichromate, otherwise the shade obtamed with logwood is dull When the 
proportion of acid employed is as 1 to 3 of bichromate the solution practically 
*Journ, Soc, qf Dyera and Od,, 1889, p. 188. 
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contains chromic acid and sulphate of potash, aa shown in the following 
equation . — 

K 2 CrsOf + 3 sS04 = 2 Cr 03 + 3gS04 + H 3 O 
(296 pahia ) (98 parts ) 

Under these conditions, a greater amount of chromium is fixed on the fibre 
than when potassium bichromate alone is used, but the wool is considered by 
many dyers to be slightly injured, chromic acid lieing a very powerful oxidising 
agent. The addition of organic acid and organic acid salts to die “ chrome ” bath 
is decidedly advantageous, the substances usuaUy employed being tartar (bitar* 
trate of potash), tai-tanc and oxalic acids The immediate effect of these 
substances is to produce the deposition of green chromic oxide in the fibre 
instead of chromic acid. Wool mordanted with potassium bichromate alone, or 
m conjunction with sulphuric acid, is of a dull yellow colour, but when organic 
acids are used it becomes of a pale green colour. When 3 per cent potassium 
bichromate is used, from 4 to 6 per cent, of oxalic acid or tartaric acid or 8 per 
cent of tartar is required to give the best results. It would be more 
economical to use 6 per cent of tartar, with addition of 1 per cent of sulphuric 
acid. Such large quantities of organic salts, however, are rarely used in practice 
on account of the expense In place of tartar or oxahc acid, lactic acid is now 
largely used, likewise formic acid and “ lignorosine ” 

The shades obtained with logwood on wool mordanted with chromic oxide 
are both brighter and faster than those in which the mordant was chromic acid 
Probably the prmcipal reason that tartar and tartanc acid have not been 
umversally adopted in chroming is the expense. It has been shown, however, 
that the same effect can be produced in a much cheaper way, and with superior 
results The wool is mordanted as usual with potassium bichromate, with or 
without the addition of sulphuric acid It is then immersed foi a few mmutes 
in a bath contaimng bisulphite of soda (6 per cent on the weight of the wool), 
which quickly changes the yellow fibre to green After washing, the wool is 
dyed as usual 

Smce the chromium in chrome alum already exists in the form of chromic 
oxide, one might naturally expect chrome alum to give better results than 
potassium bichromate, but this is not the case. The colour obtained is not 
uniform and regular, and in order to obtam a full shade a very large amount 
of tartar must be used 

In the usual method of mordantmg with potassium bichromate alone there 
is, in most oases, a considerable waste of this mordant. In an old chrome bath 
there is a gradual accumulation of chromate which might with advantage be 
utihsed* A dyer usually adds — and, for reasons about to he explained, is 
obliged to add — more potassium bichromate than is taken up and removed by 
the wool This is due to the fact that when wool is boiled with potassium 
bichromate the latter is partially decomposed, chromic acid or a chromate 
(as well as chromic oxide; being fixed by the fibre and neutral potassium 
chromate remainmg in the bath If the material has been previously scoured 
it takes alkali into the bath which at once neutralises the potaugsium bichromate 
to potassium chromate, as shown m the following equation . — 

KgCrgOf + N£L2COg ss K 2 Gr 04 + Na 2 Cr 04 + CO 2 
The normal chromate is a much less active mordant than potassium 
bichromate, in fact one may use a very strong bath of potassium chromate 
without havmg an excess of chromium deposited on the fibre. In order to get 
chromium oxides equal to 1 5 per cent of potassium bichromate deposited on 
the wool, the dyer may have to add each time 3 to 4 per cent to the bath, 
because a considerable portion of it is converted into the less active form A 

* Knecht, Jcum. 80 c Dyers and 061,^ 1889, p. 184, 
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“chrome** bath whicb has been worked 16 or 16 times has been known to 
contain about 20 lbs of chromate as such and as bichromate. It need not 
have contained more than 6 or 6 lbs , the quantity added for the first lot of 
wool AH that IS necessary to prevent this accumulation and waste of chromate 
is to add sulphuric acid in the proportion to convert the neutral chromate into 
bichromate The reaction takes place in accordance with the following 
equation — 

2E3Gr04 + HaS04 = + K2SO4 + H^O 

(389 ) ( 98 ) 

Practically, for every four parts of normal potassium chromate present irt 
solution, one part of sulphuric acid should be added 

Dvreot Chrome Black — If logwood liquor and a solution of potassium 
bichromate are boiled for some time a black precipitate is obtained, which may 
be collected and used for dyeing a direct chromje black For this purpose the 
paste is mixed with water in a vat, and dissolved in oxalic acid, and the 
wool dyed in the solution one and a half to two hours. The results, however, 
are not as good as those obtained by Bonsor*s black, where the bases copper 
and iron are used. 

Woaded blacks are logwood blacks which contain more or less indigo The 
name arises from the indigo being usually applied m what is called the “ woad 
vat — woad being one of the mgredients of the vat. But in wliatever way tlie 
mdigo is applied (excjept when indigo is dissolved in sulphunc acid) the goods 
are commercially known as woaded After “woading,** the material may be 
dyed up either by the “ copperas *’ or “ bichrome ** method 

In the case of woaded chrome blacks, the indigo is sometimes applied after 
chroming in order to prevent loss of indigo, but the usual custom is to dye 
with indigo before chronung. This chroming must be done without acid, 
otherwise some of the indigo will be oxidised and destroyed In light shades 
sometimes there is scarcely any indigo left after chroming 

The object of woading or mdigo-dyeing is to give a black faster to light If 
a fair amount of indigo is used the colour is undoubtedly much superior , but, 
in many oases, the quantity of mdigo put on is so little that its effect must be 
inappreciable. Many woaded blacks are better only in name than so-called 
common fast blacks. A chrome block dyed with logwood, fustic, and Alizai m 
red, where the chrome bos been previously reduced to chromic oxide, is fur 
superior to a great many of the woaded blacks, where logwood and fustic have 
only been used in addition to a little indigo 

Logwood blues are produced on wool much in the same way as chioiiie 
blacks — smaller quantities of mordant and dye being used, and the addition 
of fustic omitted The amount of potassium bichromate should be i. dated 
to a minimum, and it should be in the reduced state The lighter the shiido 
the more quickly, of course, any change is noticeable A purplish shade is 
obtained by adding a little stannous chlonde (about 1 per cent) to wax da the 
end of the dyeing operation The same effect is obtained, and with hotter 
results as regards fastness, by adding Alizarin red, Gollein, or Gallocyamn to 
the dye-bath In some cases the wool is first dyed a light shade of mdigo, 
as in woaded blacks 

Some dyers mordant with alum and tartar for logwood blues, using about 
6 per cent of alum or 4 per cent of aluminium sulphate, and 6 to 8 pei cent 
of tartar. In such cases it is advisable to add eithei chalk 01 calcium acetate 
to the dye-hath unless the water already contains much lime 

Sometimes Water blue is added to the mordant-bath for biightening the 
ultimate colour. 

Logwood pv/rple is obtained by moidanting with about 4 per cent of 
stannous chloride and 4 tff 6 per cent of tartar, and dyeing in a fresh bath 
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with 20 to 40 per cent, of logwood The colour is not fast, and the same shad* 
is easily obtained by more permanent dyes. Tm salts, furthermore, always givi 
the wool a more or less harsh feel 

Dyemg of Bilk. — Logwood is used in very large quantities for the blacl 
dyeing of silk, and it is fixed on this fibre principally on iron mordants 
almniniiLm-, copper-, and tm-mordants are of minor, and cnrome-mordants of nc 
importance for the fixation of logwood on silk , nor is logwood used for th( 
production of colours other than black on silk. 

The black dyeing of silk is essentially different from the usual dyeing 
methods, since the intention is usually not only to impart a black shade to th« 
matenal, but also to add to its weight , this increase may even be as much at 
four times the weight of the fibre itself (t.a, 400 per cent.). The weighting n 
effected by the fixation of tannin-iron and tannin-tin lakes in the fibre 
chestnut extract, gambier, pyrolignite, and “ nitrate of iron,” yellow prussiate 0 ] 
potash, and stannous chloride being the most important materiEds Whei 
fixed m large quantities the tannin-iron lakes are by themselves sufficient t< 
dye the silk fibre black ; but for the production of fine black shades the dyeing 
is finished with the aid of logwood. 

Black dyeing of silk may be divided into 

I. Black on Baw Silk 
II Black on Discharged Silk. 

III Black on Souple Silk. 

IV Black on Wild Silks 

I. Blacks on Raw These are principally dyed on yarns which ar* 

intended to serve in pile fabrics, sateens, &c., as the basis of the fabric, an( 
are visible on the back of the goods only The silk is not boiled off, in orde 
that the strength of the fibre may be preserved, and, consequently, hot soaping 
dunng the dyeing piocess is to be avoided Yellow silks are sometimej 
bleached with aqua regia before dyemg 

Three different kmda of black on raw silk may be distmguished * — 

1 Black with Chestnut Extract and Pyrolignite of Iron, 

2. Black with Prussian blue 

3. Black with Logwood (without heavy weighting) 

The process of dyemg black on raw silk with chestnut extiact and blacl 
liquor is described under the heading of Iron mordants 0^1 s%Lh (p. 268) I 
weights up to 200 per cent. 

Hummel {Dy&ing of Texide Fabrws) describes the following heavily chargee 
black for fancy goods — Dye raw silk black by alternate treatments witl 
chestnut extiact and pyrolignite of iron, after repeatmg these operation 
fifteen times the silk is weighted to about 400 per cent Soften and brightei 
with 10 to 20 per cent of olive oil, &c. In the first bath of chestnut extrac 
the liquor is heated sufficiently to soften the ailk-gum {sowphnef) 

A finer black is produced by dyemg the silk blue with “ nitrate of iron 
and yellow prussiate of potash and topping with chestnut extiact If a heav 
weighting IS required the raw silk is treated about three times with ** nitiat 
of iron” and subsequently with yellow prussiate, as described m the above 
named chapter (p 269) The silk thereby receives a charge of about 24 pe 
cent , each iron bath yieldmg 4 per cent., or altogether 12 per cent., and th 
same amount is added by the subsequent conversion of t le ferric oxide int 
Pi ussian blue After a good washing in running water the silk is dyed blacl 
and weighted still more in a bath of chestnut extract, 150 per cent of extraci 
15“ Tw (of the weight of the silk), are used, and the material is worked i] 
this bath at 40“ to 46“ C. foi some time, wheieby a weighting of 30 to 40 an 
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even 60 per cent, is added to that already produced, or 60 to 70 per cent, 
altogether. By repeating the whole treatment three times a weighting of 
more than 200 per cent, may be effected. 

In cases where the material does not admit of being subjected to so many 
treatments a light black may be produced with logwood after the methods 
used for the so-called “ English black” (on boded-off silk) 

Prepare a bath with — 

50 to 60 per oent logwood, 

25 to 30 „ fustio, 

4 to 6 ,, copperas, 

1 to 2 ,, acetate of copper, 

and sufficient water (20 times the weight of the silk) Dissolve the salts in 
the water, add the decoctions of the dye woods and stir well Work the silk 
in this bath for half an hour, lift and heat to 60° 0., and work again for half 
an hour Expose the silk which has now acquired a brownish colour on rods 
to the openiair for one hour, rinse well, and hydro-extract. The bath is run off. 

Work the silk for one hour at 60" C. in a decoction of 60 per cent of 
logwood, then rinse well. The bath is not preserved 

Work for one hour in a tepid soap bath, containing 30 to 60 per cent of 
good soap, wring, nnse in running water and hydro-extract, this treatment 
softens the silk and improves the shade Brighten with a moderate amount of 
acid ; vegetable acids or lime juice are most suitable 

II. Blacks on Biacha/rged Silk , — The discharging of silk for black dyeing, 
especially for heavy blocks, requires great care in order that the goods may 
suffer as little as possible, and be able to resist the great number of operations 
they are subjected to. 

A great many different methods of black dyeing discharged silk are known; 
the following are the most important processes . — 

1. Enghsh black (light block) 

2. Blacks for Pile Goods (not weighted). 

3. Lyons black (with Prussian blue, moderately weighted). 

4. Mineral black (moderately weighted) 

6. Tin weighted blacks 

6, Heavy block ^with Catechu and Tin Crystals) 

7. Heavy black (with Acetate of Lead ; very heavily weighted) 

1. English Black — This black is principally used foi tender materials, 
which do not allow a great number of treataients, or which ore to be woven 
together with white yarns 

Dye with — 

60 per cent logwood, 

60 ,, fustic, 

6 to 6 , , copperas, and 

2 to 3 ,, acetate of copper, 

half an hour at 60" to 60" C , lift and heat to 70° C , and work half an hour 
more; run the dye-liquor off and allow the yams, which now possess a 
brownish colour, to hang one hour on the rods in the dye- vat , aftei this rinse 
well Dye in a fresh bath with 50 per cent of logwood and 60 per cent of 
soap , enter at 50 to 60" C , turn half an hour, lift and heat to 70" to 75° C , 
and turn another half hour Run off the liquor and rinse fii st in the dye- vat 
and subsequently in running water, hydro-extract Soften and biighten with 
2 to 4 per cent of oil which has been mixed with sufficient acid to give a 
slightly sour taste 

A fine greenish-black is thus produced without any weighting of the silk 

If an increase of the weight is required the silk may be treated once or 
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aeveral times with ‘‘nitrate of iron” in the manner described on p. 270 f 
boiled-off silk. By three treatments 12 per cent, or one-half of the loss tl 
silk suffers by the discharging process, may be recovered; a further weightu 
with “ nitrate of iron ” would injure the material on account of the destructi 
influence of the ferric salt on the silk fibre A light bath of catechu at 50° 
60“ may follow, and then the silk is dyed and finished precisely as m tl 
preceding method. The mordanting with “nitrate of iron” imparts to t] 
goods a fuller and less greenish tone which even becomes bluish if a small 
amount of fustic is used. 

2. Blcicksfor Pile Goods {without weighting ), — Black velvets and plushes a 
desired to appear bluish-black when viewed direct or “ underhand ” and blac 
blue when viewed through or “overhand.” This effect is produced by me 
dantmg with alum and by dyeing without fustic. 

Work for some time in a cold concentrated solution of alum, steep ov€ 
mght, and nnse next morning in calcareous water Dye as for “Engln 
black,” first with 60 per cent of logwood, 3 to 4 per cent, of acetate of coppe 
and a little copperas, and subsequently in a soap-bath with logwood, le 
copperas than for “English black,” and no fustic is used. No scroop beii 
deaiied for pile goods, the yarns are turned a few times in a weak tep 
bath of neutral soap for softening, hydro-extracted, and dried without rmsiE 
Lustremg of the yams in the moist state is avoided, smee it deepens t 
colour too much The material is sometimes dyed with Methyl violet 
Anilme blue before the mordanting, to produce a finer bluish tone; gre 
care is necessary that the dyestuff be not stripped by the subsequent treatmei 

Like the English black this black does not increase the weight of the silk 

3 Lyons Black {Black with Prussicm hlue^ moderately wei^ted). — Morda 
two or three times with “nitrate of iron,” soap, and dye blue with yelk 
prussiate of potash (p. 266) A weighting of 16 to 24 per cent is obtained ; 
by a three-fold treatment with nitrate, &o, the loss sustained by Dhe d 
charging is recovered and the silk brought to “pan” A further weigh ti 
of 4 per cent may be added by one more treatment with “nitrate of iron” aft 
the blue dyeing, and subsequent rinsing with water to precipitate the fen 
hydroxide (hot soaping would affect the Prussian blue). Work the silk aft 
these treatments one hour in an old bath of catechu (gambler) standing at 4“ 
7i“Tw, the temperature or which should not exceed 60^0, so that t 
Prussian blue may not be decomposed and the shade become too dark, rn: 
and hydro-extract The silk acquires in the oatechu bath an overcharge (o'v 
pan) of 16 per cent and becomes more greenish For the weightmg of si 
pale outch (gambler) is used, since dark cutch does not yield aatisfacto 
results, the colours not resistmg the action of soap Experience has pcov 
that old baths of catechu give better results os to shade and to weight th 
new ones; they are maintained at' the same specific gravity (and strength) 
regular additions of fresh solutions of catechu To obtain a more bluish sha 
work in a cold concentrated bath of alum and rinse in water Dye exactly 
for English black (p 342), first with logwood, fustic, copperas, and acetf 
of copper, and subsequently with logwood and soap On account of t 
preceding aluming, however, great care is required to avoid uneven dyeii 
and 100 per cent of a very fatty soap ^Iculated on the weight of the silk) t 
required for the second dye-bath Enter at 60” to 60” 0, and heat ve 
gr^ually to 80” to 85°, the heating may last five to six hours. After the dyei 
is finish^ run off the liquor, nnse first in a dye-vat with soft water and th 
m running water Brighten with 4 to 6 per cent of good olive oil and li] 
juice, and finally lustre. 

This black possesses a very fine bluish tone, and gives 6 to 16 per cei 
weight above “ pan ' 
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4 Mvnj&r<d Black — This black gives a moderate weighting (about 30 per 
cent.)^ it is inferior to the preceding black in fineness of sh^e The opera- 
tions required are three or four treatments with “ nitrate of iron,” blue dyeing 
with yellow prussiate of potash, hot catechumg, dyeing with logwood and soap 
(as for English black, p, 342), brightening and lustreing For catechumg, the 
silk is worked one hour at 70° to 76° C. in an old bath of catechu (ganibier) 
(4“ to 7J° Tw.) which is used contmuously. Catechu acts at the elevated 
temperature on Prussian blue, and is fixed m large quantities, adding a 
weighting of 26 to 30 per cent, to the charge already obtamed by the preceding 
treatments, which may be as high as 36 per cent ; hence this method produces 
a weightmg of 60 to 60 per cent, or an overweight above “pan” of 26 to 
36 per cent. After the catechumg follow the dyeing with logwood and soap, 
softenmg, brightening, lustremg, exactly as for English black The shade 
produced is a very full gi’eemsh-black. 

The following black is very similar, but it possesses a better, more bluish 
shade, and yields about 6 per cent more weight It differs by the special 
treatment with pyroligmte of iron and the subsequent catechumg, and consists 
of the following senes of operations* two, three, or four treatments with 
“ nitrate of iron,” blue dyeing with yellow prussiate, one more treatment with 
“ nitrate of iron,” hot catechumg, mordantmg with pyroligmte of iron, tepid 
catechuing, dyeing with logwood and soap, brightening and lustremg For the 
tepid catediumg, after the first mordantmg with pyroligmte of iron, sometimes 
a dyeing with logwood without soap is substituted to obtam a more bluish- 
black The pyroligmte bath is used at a specific gravity of 3“ to 4J° Tw., and 
at a temperature of 20“ to 30“ C. , the silk is turned half an hour, rinsed, and 
worked half an hour m an old tepid catechu bath (7“ to 8° Tw ), the pyroligmte 
bath and the catechu baths are used continuously The other operations are 
exactly the same as for the preceding “ mineral black ” 

6 Tvn Weighted Black . — In spite of the high price of tin and its com- 
pounds, the tm-phosphate-silicate process (see p. 278) has latterly come into 
more or less genei-al use for *the weightmg of black silks, partly owing to its 
giving superior results, and partly owing to the fact that by this means the 
weightmg can be effected in a smaller number of operations, and consequently 
more economically than by the cld-fasluoned iron process 

A process for obtaining a blue-black on tin weighted silk is described m 
Weidmann’s TJ.S Patent No 780,924, 1906,* and the mode of working may 
be aacertamed from the following abridged description — 

The boiled-off silk is weighted in Sie oidmary way with tin, with pioper 
washings It is then treated m a bath with dilute acetic acid, and afterwards 
in black iron liquor at suitable strength for the usual time. After wringing 
and washing, it is placed for two to three hours m the old black iron gainbicr 
bath, which consists of gambier in which the silk coming fiom the black non 
has been worked. This bath should be strengthened with fresh gambiei, 30 
to 60 per cent logwood extract, and 40 to 60 per cent fustic extract, and 
brought up to 70“ C. The silk is finally washed, and dyed to shade in a bath 
containing logwood extract and soap, heating until the desired shade is 
obtamed It is tlien washed, and treated with oil and acid as usual 

More exact particulars are given m Knup’s English Patent No 6,728, 
1904 t According to this method, a 16- to 18-oz black (10 per cent, 
weighting) is obtamed on boiled-off silk as follows — 

The silk IS immersed m a solution of stannic chloiide at 53“ Tw for one 
hour in the cold, then washed and worked m a solution of phosphate of soda 
at 6“ Tw. for one hour at 66“ 0., then washed and worked in a solution of 

• Jonm Soc. Dyere and Col,^ 1906, p. 77. 

+ Ibid , 1904, p 261. 
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silicate of soda at 4^“ Tw. for one hour at 50® C. j then washed and work 
m a solution of 14 per cent acetic acid The silk is then worked m a soluti 
of black iron of 77° Tw at 15® C for one hour, wrung, covered for two hou 
then washed and woiked in a solution of 100 lbs gambier for 100 lbs si 
to which 20 lbs logwood extiact and 40 lbs fuatio extract are added, for 
hours at 70“ C It ls then washed and dyed in a bath containing 20 11 
logwood extract and 50 lbs. soap per 100 lbs. silk, being entered at 43* < 
and the dyeing being continued with a rising temperature until the desir 
shade is obtained A good blue-black is generally obtained at about 66* < 
but this vanes according to the natuie of the siik and the difference in t 
weighting process. After the desired shade is obtained, the silk is wasli- 
and finished with 2 gallons lemon juice and lbs oil for 100 lbs silk. 

A 30- to 32-oz black (100 per cent above “ pan ”) is obtained by workii 
the silk in — 

1 Stannic chloride, 63" Tw. 

2. Phosphate of soda, 6" Tw , 66" C. 

3 Stannic chloride, 63" Tw. 

4 Phosphate of soda, 6" Tw , 66° 0. 

6 Stannic chloride, 63" Tw. 

6. Phosphate of soda, 6" Tw , 50" 0., 

then in a bath containing 14 lbs acetic acid for 100 lbs. of silk at 20“ 
After this the silk is worked in the black iron solution, and the rest of t 
process is the same as m the first example 

6 Heavy Bloch loith Catechu and Tim, Crystals — This method yiekla 
weighting up to 80 and even 100 per cent . ; it produces a good shade, but t 
weighting IS effected at the expense of the strength of the fibre. T 
peculiarity of this process is the application of catechu and tin salt, the otli 
operations resemble those which have been deaciibed in the precedmg section 
Mordant 6 to 8 times with nitrate of iron,’' soap, and dye blue with yellc 
piussiate, each mordanting yields 4 per cent weight, and 6 or 7 treatmen 
would give 24 to 28 per cent. ; this result is doubled by the blue dyeii 
so as to produce a weighting of 48 to 66 per cent , or an overweight abo 
“ pan ” of 24 to 30 per cent Prepare a fresh bath of gambier (100 to 1 i 
■per cent of the weight of the silk) in a dye-vat of suitable dimensions wbi< 
admits of working 300 lbs simultaneously, keeping, however, the hanks close 
together to prevent access of air as far os possible, work the yam half an ho 
at 60" C, lift, heat to 70" to 80° and add a solution of 8 to 12 per cent, t 
crystals (of the weight of the material) By the addition of tin crystals tl 
bath changes from brown to yellow and is partially precipitated, work the ycui 
again for one or two hours and allow to rest in the bath overnight or longe 
The matenal will not be injured by remaining in the bath for several days if 
IS prevented from nsing to the suifoce. Some dyers enter the catechu solutit 
at a higher temperature than 60" C., or even at the boil, and obtain a heavi 
weighting by the powerful action of the catechu on Prussian blue Aft 
takmg the yam out of the bath rinse well in water and run off the cateci 
liquor, after settlmg, the clear liquor may be used again foi this operatic 
whilst from the sediment tin may be recovered (see p 278). The silk chang 
by the precedmg treatment from blue to a dull green, and acquires a harsh f e< 
Soften by working one hour at 60" to 60° C in a bath containing 33 or evi 
60 per cent of soap, then rmse and hydro-extract whilst the soap bath is ri 
•off Work the silk m another bath of catechu (100 per cent ) one hour at 70“ 
75° C, rinse and hydro-extract; preserve the bath Dye with 60 per cer 
of logwood and 60 to 60 per cent of soap, fiist half an hour at 60" to 60“ C 
and then at 70" to 76° until the desired shade is pioduced By the coi 
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bination of the purplish shade of the logwood-tin lake and of the above- 
mentioned greenish-blaok tone, a violet shade of black is obtained 

The weighting depends to a great extent on the mordantings with “ nitrate 
of iron” in the beginning of the operation, the first two mordantings allow 
of a weighting of altogether 46 per cent., the following mordantings are 
less effective and admit only 10 to 16 per cent increase each; thus about 
110 per cent weighting, or an overweight of 86 per cent, above pan ai'e 
obtained ultimately, if the silk was treated seven times with “nitrate of 
iron.” 

The reddish tone of this black may be changed to a more bluish and finer 
shade by a treatment with pyrolignite of iron, precisely similar to that 
desonbed for mineral black ^p 344). After the second catechuing, work the 
silk for one half hour to one hour m a weak bath of pyrohgnite of iron, rinse, 
hydro-extract, turn for half an hour m an old bath of catechu (4“ to 7J° Tw) 
at a temperature not exceedmg 60" C., and, after draining, rinse and hydro- 
extract , this treatment effects also a weighting of 4 to 6 per cent Dye as 
before, if the goods should become reddish, heat to 80" to 86° 0, and, if 
necessary, add some soap , finally run off the liquor, nnse the silk first m the 
dye-vat and subsequently in running water, hydro-extract, and brighten with 
6 to 8 per cent of acidulated oil emulsion. The silk is ultimately finished by 
lustreing 

A further increase of the weight may be effected by treating the silk after 
dyeing and washing (1) in a weak batii of catechu at 60" 0., (2) steeping m 
pyrohgnite of iron, (3) again in catechu at 60" C , and (4) dyeing with logwood 
and a large amount 01 soap ; these four operations may even be repeated in the 
order given 

7. Hewoy Black (weighted to 360 per cmt) with acetate of lead is described 
by Mojret. It is also used for fancy goods, tne raw material of which is waste 
silk. Discharge in soap at the boil or at 60“ to 70" 0 , soak in 150 per cent, 
of chestnut extract 15" Tw , at 40" to 60" 0 ; nnse , work in pyrohgnite of iron 
at 60" to 70" 0 , repeat the treatments with chestnut extract and black hquor 
according to the desired weighting up to six times, increasing the amount of 
chestnut extract gradually up to 260 per cent ; six treatments yield a weight- 
ing of 250 per cent After this pass through a bath of basic acetate of lead 
wliicli has been prepared by saturating a solution of pyrohgnite of lead, 8" to 
15“ Tw , with litharge, m this bath the silk is weighted about 100 per cent 
more, extracting a corresponding amount of lead oxide from the bath. 

Thcf previously described methods for increasing the weight of the silk, such 
as treatment with “ nitrate of iron” and yellow prussiate or with gambler and 
tin crystals, may also be employed to attain a higher charge 

III. Black on Sovple Silk — The souphng of silk for black does not precede 
the dyeing, but forms part of the dyeing itself Mordant the raw silk two to six 
times in “ nitrate of iron,” taking care that the bath remains sufficiently basic, 
the raw silk possesses a direct affimty for feme oxide, and extracts it from the 
bath, leaving free acid behind, whereas boiled-off silk absorbs the salt without 
dissociation ; dye blue with yellow prussiate The next operation is the soup- 
ling witli a tannin, such tannins as give blue colourations with feme salts bemg 
employed, notably tannic acid, extract of gall-nuts, nwrabolans, and divi-divi, 
Woik m a solution of the tannm (standing at 6“ to 8“ Tw ) at 50“ 0 foi half an 
hour, lift and heat to 70" C, work again, and so on several times, raising the 
temperature gradually to 90" or 96°, this operation lasts from two to five hours, 
and finally the goods may be left in the bath overnight The tannin-bath is 
used continuously Some stannous chloride (8 to 1 j per cent , more or less, 
according to the number of mordanting treatments with “nitrate of iron”) may 
be added to the tannin-bath on heatmg the first time , the same precautions os 
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to access of air as usual are required, and the bath is finally run off. The 
further operations are similar to those used for the dyeing of boiled-off silk, for 
instance, to those described for the production of mineral black (p. 344). They 
consist chiefly in dyemg with logwood in a soap-bath with or without mordant- 
ing with pyrohgnite of iron immediately after the souphng In dyeing souple 
Bilk care must be taken, however, never to raise the temperature of the soap- 
bath above 60“ 0 , not to dissolve the silk gum. The weightmg of the silk 
may be mcreased to 80 and even 100 per cent By repeated treatments of the 
Boupled silk with “ nitrate of iron,” chestnut extract, tin crystals, and prussiate 
of potash, even double this amount may be reached The weighting of soupU 
silk 18 more complicated than that of raw or discharged silk, is principally s 
matter of expenence, and cannot be well described. 

ly. Blcbck on WM Silks . — The wild silks offer difficulties in dyeing 
generally, and still more so m black dyemg, since they do not take up colour 
mg matters easily, and still less so iron mordants. 

Moyret (Z c.) recommends the following process for black dyemg oE tussur 
— Discharge with dilute caustic soda at 60° to 80° 0 Mordant once or twio€ 
in “mtrate of iron” and fix with caustic soda Dye blue in a weak bath o 
yellow prussiate of potash. Work m a weak bath of chestnut extract, anc 
pass through pyrohgnite of iron; repeat these last two operations twict 
(not for weighting, but for saddening the shade). Dye m logwood and soaj 
and bnghten with 6 to 8 per cent, of ohve oil. 

Detection of Logwood on Dyed Fabrics — The detection of logwood oi 
dyed fabncs when other colouring mattem are absent is a comparatively simpl 
matter , but m many compound shades its presence can only be discovered b; 
the employment of numerous delicate tests. The information generally givei 
on this subject refers, as a rule, only to the pure colouring matters ] but, ii 
many cases, these reactions are of little help. However, in the first place, th 
pure colouring matter should be studied, and all reactions carefully noted. Th 
detection of the mordant which has been used often throws much light on th 
kind of colouring matter which may be present. If no mordant is present o 
the fibre one may safely exclude all the adjective dyes, such as logwood, &c 
In order to test for the morganic mordants a portion of the fabric is ignited i 
a platinum or porcelain dish, and the ash which remains, free from carbor 
treated as follows . — 

Ghome Mordcmts. — Ash, yellowish or brownish -green Add a littl 
potassium chlorate and fuse — a bright yellow mass obtained If dissolved i 
water and acetic acid, and acetate of lead added, a yellow precipitate i 
obtained, confirming the presence of chromium If a trace of chromium i 
present %t ma/y he detected by means of a borax bead, which acquires a gree 
colour in the presence of chromium. 

Iron Mordomts. — Ash, reddish-brown colour. Dissolve in hydrochloric aci( 
odd potassium ferrocyanide ; a blue precipitate indicates iron 

Copper Mordants (usually found in combination with iron and sometime 
with chrome) — Dissolve the ash in hydrochloric acid, add a slight excess i 
ammonia, and filter If much copper is present the filtrate will be blu' 
Smaller quantities are detected by adding acetic acid and potassium ferroc; 
anide, which produces a reddish-brown precipitate or colour. 

Alumvavum Mordants — Ash, white. Dissolve in hydrochloric acid and ad 
ammonia, which gives a white precipitate in presence of alumina. Confirm h 
heating on charcoal with cobalt nitrate , a blue mass is thus obtained 

Tvn Mordants — Ash, white ; yellowish when hot Globules of tin ai 
obtained by heating on charcoal , small quantities detected by the red coloi 
imparted to a borax bead containing a trace of oxide of copper when heated i 
the reducing flame. 
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A Logwood blue or black gives the following reactions with the more 
common reagents — 

ILeagont 

. Hydrochlono aoid, sp gr I 16, 

Sulphuric acid, ap gr. 1 84, 

Sodltuu hydrate, 10 per cent., . 

, Ammoma (strong), . 

! Stannous cliloride, ) 

Hydrochloric acid, > • 

Water (e<iual parts), J 

The abov^ tests are all made in the cold, and may be conveniently pei formed 
in porcelain basins. Boiling alcohol has no effect upon a logwood colour, 
neither has a boilmg solution of soap nor a ^ per cent, solution of sodium 
carbonate. Boiled with dilute hydrochloric or sulphunc acid (5 per cent ) the 
logwood IS more or less removed and the solution becomes red or orange-red. 
The fibre is of a light purple or reddish -drab colour On adding an excess of 
caustic soda to the acid solution, the latter is immechately turned to a deep 
violet colour, which, however, gradually disappears with the formation of a 
brown precipitate, while the solution also remains tinted brown. If this test 
is made with a Logwood black, blue, or violet, which contains Alizann red, 
the alkaline solution remains purple or violet ^ter the logwood has been pre- 
cipitated. On now adding a dilute acid the purple or violet colour, if due to 
Aiizann red, will turn to a light yellow Dark fast navy blues on wool are 
frequently dyed either with indigo, Alizarin blue, or Gallocyanin, and logwood 
is often used in conjunction with them, being very much cheaper In some 
cases this is permissible, but in others, customers object to the use of logwood 
altogether in such shades Consequently, the detection of logwood in the 
presence of these colouring matters is a matter of some impoiiance With 
indigo its detection is easy ; but the presence of a small amount of logwood 
with Alizarin blue and Gallocyamn cannot be so readily ascei tamed The 
following method can be recommended. It is exceedmgly simple, but requires 
close observation It depends on the action of cold concentrated sulphuric 
acid. This reagent gives with logwood, as already stated, a brownish-red 
solution, which becomes yellow on dilution with water. It gives, with Alizaiin 
blue, a deep violet-blue liquid, which becomes red- violet on dilution , with 
Gallocyamn, a violet hquid, which becomes redder on dilution , and with indigo, 
at first green, then deep blue, which remains blue on dilution The colour of 
the diluted solution is more clearly seen after filtering The yellow colour of 
the logwood is more mtense than the other solutions, and a very small amount 
IS sufficient to modify their shade The delicate pink given by Gallocyamn and 
Alizarin blue becomes red, orange-red, orange to orange-yellow, according to the 
amount of logwood present. In a mixture of indigo and logwood, the colour 
of the hquid is green after adding sulphuric acid and dilutmg with water, but 
on passing the solution two or three times through a filter the indigo is retained 
and the logwood only is obtained in the filtrate. This reaction is of importance, 
amce it enables one to distinguish between logwood, Gallocyamn, and Alizarin 
blue in the presence of indigo , which, otherwise, would be a very difficult 
problem. Logwood is at once detected m an indigo-dyed fabric by boiling with 
a 5 per cent, solution of sulphuric acid, which removes the logwood, as 


Chrome Mordant 


Red- violet (alowly) 

Olive-brown, yellow 
on dilution 
Slowly violet. 

Little action, very 
slowly violet. 

Red-violet. 


Iron Mordant. 


Cnmson, more easily 
extracted 

Olivo-brown, yellow 
on dilution. 
Quickly violet 

Little action, very 
slowly violet. 

Light red. 
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previously stated Gallocyanm, if presenb, would also be partially removed. 
After repeating the operation once or twice, the colour remaining showa 
approximately the depth of indigo present. in such a mixture, but, if the wool 
contains chromium in the form of a chromate, a portion of the indigo will have 
been destroyed by the chromic acid hberated dunng the reaction It should 
also be remembered in applymg this teat that several blue colouring mattera 
besides indigo are unaffected, or only slightly affected, by boiling acids. Cloth 
dyed with mdigo and logwood colours hydrochloric acid red^ and a 10 per cent 
solution of caustic soda violet j whereas pure indigo gives up no colour to either 
liquid The ash of wool or cotton fabrics dyed with logwood and indigo will 
contain either chromium or iron, or both, whereas pure mdigo will contain, 
neither, or, at most, a trace of iron. 

FUSTIC, 

This dyestuff is also known as old fustic, Cuba wood, and yellow wood^ 
It IS the wood of a tree belonging to the natural order UrticcLceoi^ known, 
botamcally as Morus tinctoria or Madv/ra tinetona It is a native of Brazil, 
Mexico, and several of the West Indian Islands, the best qualities being 
produced m Cuba and Tampico 

According to most authorities, fustic contains two colouring matters, which 
were first isolated by Chevreul One is readily soluble in water, which 
Chevreul named and the other, which is nearly msoluble, he called 

morvri hlanc. If a concentrated syrupy aqueous decoction of fustic is allowed 
to remain at rest for some days, an abundant crystalline deposit is formed. 
Commercial fustic extract will answer the purpose. The crystalline deposit 
is washed rapidly with a little cold water and strongly pressed. The product 
is then boded twice with water, which yields a solution containing morin- 
tannic acid and a residue of mown and morate of lime The aqueous solution 
is ooncentiated by evaporation, and the morintannic acid precipitated by the 
addition of a little hydrochloric acid. The product is recrystallised two 
or three times from an aqueous solution acidulated with hydrochloric acid In 
order to isolate pure mono acid the residue, which is insoluble, or nearly 
insoluble, in water, is treated with dilute hydrochloric acid /to decompose the 
calcium morate), and dissolved in alcohol On the addition or two-thirds of its. 
bulk of water the solution deposits mono acid in the form of yellow needles, 
which may be further purified by repeated crystallisation from weak alcohol 

Monntanmc acid (which is also known as Maclurvn) is deposited from its 
solution in the form of a light yellow crystallme powder composed of micro- 
scopic needles. It is soluble in 64 parts of cold, and 2*14 parts of boiling water, 
and is also readily soluble in alcohol, wood spirit, and ether The ethereal 
solution IS fluoiescent, bemg greenish by reflected, and brown by transmitted 
light It melts at 200'' 0 , gives off water and acid vapours at 250°, and 
completely decomposes at 270° The composition of monntanmc acid is 

jH;^qOq or (OH)gCQHn CO . CqH,(OH) 2 . When heated with a strong solution 
of ’ caustic alkali it yields phloroglucin and protocatechuic acid Morintannic 
acid dissolves in cold concentrated sulphuric acid with a yellow colour, and 
is reprecipitated on the addition of water The strong acid solution, if allowed 
to remam at rest for some days, deposits brick-red crystals of rufimonc acid 
A solution of monntanmc acid, treated with zinc and sulphunc acid, assumes 
at first a red colour which turns slowly to orange The solution then contains 
phloroglucin and raachrorain , the latter crystallises in slender needles, and 
becomes blue on exposure to the air Hydrochloric acid gives a blue preci- 
pitate and the alkaline solution also becomes blue on exposuie to the air. 
Ferric chloride added to a solution of machroinin produces a fine violet colour 
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which gradually passes into blue. A solution of mormtannic acid gives a 
yellow precipitate with gelatm^ a greenish precipitate with ferroso-ferric 
sulph(Ue^ a yellow with dcetate of lead^ and yellowish-red with eimmom chloride. 
According to the investigations of J Herzig, St v. Kostaneoki, A. G 
Perkin and others, monn, fisetin, luteolin, quercetin, rhamnetin, and some 
other natural yellow mordant dyes are hydroxy derivatives of the cychc 
compound flavon, which is represented by the constitutional formula — 

H XT -nr 




The constitution of morm has been shown to be 




H' 


CH H 


OH 




OH 


KI>" 




/ 


OH 


according to which it is represented as one of the tetrahydroxy derivatives. 
It is remarkable that, though a strong mordant dye, it does not follow 
Liebermann and Kost^ecki’s rule, inasmuch as it does not contain two 
hydroxyl groups m the ortho position to each other 

Monn IS nearly insoluble in cold water, and is only slightly dissolved 
by boiling water It requires 4,000 parts of water at 20° 0 , and 1,060 parts 
at 100° 0 to dissolve it. It dissolves readily in stiong alcohol, from which 
solution it IS reprecipitated on the addition of water It is insoluble in 
carbon bisulphide, and only slightly soluble m ether. It combines with, and 
is dissolved by, alkalies, forming a yellow solution, from which it is preci- 
pitated by acids Ferric chlonde added to an alcoholic solution of mono 
acid produces an ohve-green colouration 

A solution of an alkaline morate, treated with sodium amalgam, at first 
becomes blue, then green, and finally yellowish-brown 

A solution of moiin is not precipitated by gelatin although it stains animal 
matter yellow. 

W. M. Gardner* has oompaied the dyeing propeiiiies of monn and monn- 
tannic acid. He finds morin to give considerably deeper shades with chromium 
and aluminium mordants, but lighter shades with iron mordants than 
mormtannic acid. 

A decoction of fustic gives the following reactions • — 


Alkalies, , 

Weak acids, 
Alum, 

Acetate of lead, 
Acetate of copper, 
Perrons sulphate, 
Pemo sulphate, 
Stannous ohlonde, 


Copper Bulphate, 
Gerlatin, . 


Orange-yellow to yellow-brown colour, 
Bhght pale yellow precipitates 
. Bright yellow precipitate 

. YeUow- orange precipitate 

. Brownish-yellow precipitate. 

I At first, ouve colouration ; on standing, 
a dark brownish-ohve precipitate 
. Rich brown-yellow precipitate 

Dark green precipitate 
Yellow flocoulent precipitate. 

• The Dyer, 1892, p. 46. 
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Fustic is used in the dye-house in various forms ; as chipped and raaped 
wood ; as an aqueous extract j as a paste ^ and, to a certain extent^ as a dry or 
solid extract. 

Fustic IS one of the moat important of all natural yellow colouring 
matters, especially for wool and worsted, but has been replaced to a large 
extent by artificial dyestuffs, such as Anthracene yellow, Alizarin yellow, 
Mordant yellow, &c. It is very extensively used m conjunction with logwood 
for dyeing black, and together with logwood, Alizarin red, and other colourmg 
matters, for numerous compound shades — e,g , browns, olives, drabs, &c. In 
all such cases the general mordant is bichromate of potash or soda. For 
the production of bnght yellow shades tm or alummium mordants are used. 
These bnght yellows, however, although fairly fast to miUing, ai e soon changed 
on exposure to light. They become much browner. Fustic gives the following 
series of shades with the vanous mordants : — 


Ohromium mordants. 
Aluminium, 

Iron, 

Copper, 

Tm, . 


Olive-yellow to brownish-yellow. 

bellow 

Dark olive 

Olive 

Bright yellow to orange-yellow. 


Fustic, like logwood, is sold as chtpped or rasped tuood, and as a solid or 
liquid extract, ^ter chipping or grinding, the wood is usually “ matured ” or 
** aged ” in the same way as logwood — i e , it is spread in layers on a floor, and, 
after being well moistened, it is allowed to remain several weeks, the mass 
bemg lemixed at intervals 

In the case of logwood, the essential action of the ageing process is the 
oxidation of hcematoccylm into hcematem^ but no similar change takes place m 
tlie case of fustic, and the only useful benefit the process appears to confer is 
the somewhat incidental one of thoroughly soaking the wood and thus rendenng 
the colouring matter more susceptible to extraction in the dye-bath 

Fustic extracts aie manufactured in the same way as logwood extracts (see 
Logwood). The liquid extract is usually said to be of a a&ength of 61“ Tw., 
but consisting, as it does, of a lower layer of insoluble morm, upon which rests 
a pasty solution of maclunn, the true specific gravity is not easy to determine 

Dyeing of Cotton. — Fustic is applied to cotton much m the same manner as 
logwood. It IS used prmcipally for compound shades Fustic as a yellow is 
not much employed for cotton, and where formerly used has been superseded 
by Chrysamm and similar dyes. Fustic is of considerable use in the dyeing of 
catechu shades. 

Dyemg of Wool — In the heavy woollen district fustic is used in very large 
quantities in conjunction with logwood, indigo, and Aiizarm colours In such 
cases the mordant is invariably bichromate of potash, although ferrous sulphate 
is often used as a saddening agent The bichromate of potash is applied to the 
extent of from 2 to 4 per cent previous to dyeing, as already descnbed under 
logwood. When the red woods are used for fast browns, which, however, is 
now not often the case, the bichrome is apphed after dyemg. In such cases 
considerably more fustic is required to produce a given shade than where the 
wool IS mordanted before dyemg In the dyeing of drabs and browns with 
fustic, logwood, madder, <kc, it is customary to use a little sumach The 
principal object appears to be that m conjunction with copperas it helps to 
sadden the shade, but its utihty is questionable The tannin which it contains 
imparts a harsh feel to the wool, and, furthermore, mterferes with the dyemg 
properties of logwood Taking all things into consideration, fustic dyed upon 
a chromium mordant is still regarded by some as the best yellow colounng 
matter which the dyer possesses. It is fast to milling and soaping, and 
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stands light well On exposure to light the shade becomes browner, but in 
many compound shades the change is not readily noticeable. The so-called 
Alizarin yellows, Galloflavin, (fee., are certainly not superior m this respect. 
Fustic yields the brightest shade with stannous chloride as the mordant. 
Either separate baths or one bath may be used, as m the case of cochineal. 
The single bath method gives the best results. A good yellow is obtained 
with 4 per cent of stannous chloride, 4 per cent, of oxahe acid, and 60 per 
cent of fustic. The addition of a little gelatin is beneficial, since it precipitates 
the tannin of fustic, and thereby yields brighter shades. A larger quantity 
of tin salts gives still brighter yellows, but it is objectionable on account 
of the harsh “handle” which the wool acquires In practice these bright 
yellow shades are now seldom dyed with fustic or other natural yellow 
colouring matters, these having been almost entirely replaced by artificial 
dyestuffs # 

Dyeing of Silk. — Fustic is seldom used in silk dyeing for the production 
of yellow shades, but it finds application for shading certain blacks (see p 342), 
as well os for olives and browns It is fixed on silk with iron and copper 
mordants. 

Detection on the Fibre. — In most cases where fustic has been used, the ash 
will contain chromium In bright yellows or oi-anges tin will he found 

The reactions of fustic on the dyed fibre are not very striking, and are very 
similar to those of quercitron bark and Persian berries. 

The following table shows the principal reactions of fustic dyed with 
ohromium and tm mordants respectively — 

Wool Mordanted with Wool Monlanted with 

Beagent Ohromium Salta Tin Salta 

Hydroohlono aoid, • • N'll Yellow solution ; colourless 

on dilution 

Sulphuno ooid, • • . Little change, solution Solution yellow, whioh 

yellow ; on dilution, fibre remains yellow on dilution, 
muoh lighter, solution 
coloui’lesB ; ethereal ex- 
tract shows green fluor- 
escence 

Nitric acid, . • • • Brown , on addition of Brown ; on addition of 

soda, red soda, red 

Stannous chloride, hydro- Little action Littlo notion, 

chloric acid, and water, . 

Cauatio soda, . . Fibre brown , solution col- Browner , solution yellow, 

ourless decolourised on addition 

of HCl 

Boiling aloohol, . . A’tl AfiL 

Boiling soap, 1 per cent Solution faintly yellow ; Solution deeper yellow , 

solution, fibre redder. fibre straw colour 

Boiling sodium carbonate, Solution orange - yellow ; As with soup 
4 per cent solution, fibre redder 

Boiling 5 pel cent solution Solution yellow j fibre muoh Solution yellow , fibre not 

of sulphuric acid, . lighter greatly affected 

The piesence of fustic in many compound shades can only be detected with 
great difiiculty In many cases its presence may be infeiied by negative tests 
and a knowledge of the other constituents present In the case of a brown, 
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for example, in which logwood and AJizarin red have been found, if the colour 
IS fast to soap, gives up nothing to alcohol, and shows no characteristic 
reactions with other reagents, the yellow part of the shade is probably fustic. 
If the material is boiled iti acetate of alumina it yields a yellow solution 
with a green fluorescence The solution on evaporation with nitric acid 
hecomea red 

Fustm or Wool Yellow is the commercial name of a paste dye obtained by 
treating the colourmg matter of fustic with diazobenzene chloride. It dyes 
wool either mordanted or unmordanted, and either m a neutral or an acid bath. 
The shades are “ redder” than those given by fustic and are not so fast to hght 

QUERCITRON BARK AND FLAVIN. 

Quercitron Bark is the inner bark of a species of oak, the Quercua nigra on 
Querms tinctonay a native of America It grows abundantly in Pennsylvania, 
Georgia, and the Carolinas. The best quahties are imported from Philadelphia, 
New York, and Baltimore. Bancroffcj m 1775, flrst made known the dyeing 
properties of quercitron bark, and by an Act of Parliament obtained exclusive 
right of importing it for a period of six years. 

The bark is removed from the tree, dried, ground between mill-stones, and 
comes into the market as a mixture of woody fibre and fine powder, of a yellow 
or buff colour As a rule, the more of the toe powder present, the greater the 
value of the sample, since the woody portion, which is not easily reduced to 
powder, contains only a small quantity of colouring matter. 

The colourmg principles of quercitron bark are known as guer<yiir%n and 
quercetvn^ and were first investigated by Qhevreul He also found it to contain 
a peculiar tannin, which has since been named quercitannic acid. 

Quercii/nny obtamed in the pure state by boiling 

quercitron bark with alcohol and precipitatmg the tannin by means of gelatin 
The solution is then concentrated by evaporation, and tiie crystals which 
separate recrystallised from boiling alcohol It may also be easily prepared 
from some varieties of flavin which consists of nearly pure queroitrin On 
boihng with water and filtering, the solution on cooling deposits quercitnn 
in the crystallme form 

Quercitnn forms pale yellow crystallme needles possessmg a feeble acid 
reaction. It is but slightly soluble m cold water, but dissolves more freely in 
boiling water. It is nearly insoluble m ether, but readily soluble in alcohol 
Alkahne solutions dissolve quercitnn readily with a greenish-yellow coloui, 
which becomes brown on exposure to the air Am aqueous solution gives 
bnght yellow precipitates with acetate of copper and le^ and with stannous 
chloride 

Quercitrin is a glucoside, and when boiled with dilute sulphuric acid splits 
up into quercetin, and a species of sugar, rhanmose The reaction may be 
represented by the following equation : — 

Quercetvtiy O^gH^QO^, having the constitution — 
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crystallises in needles of a bright yellow colour. It is insoluble in cold 
and only sparingly soluble in hot water, but readily dissolves in alcolio 
and m acetic acid. It is very sparingly soluble m ether. It dissolves u 
alkalies with a deep orange-yellow colour, which becomes dark brown oi 
being treated with sodium-am^gam. An alcohoho solution of quercetin give 
orange precipitates with salts of calcium, banum, and lead. When dn 
quercetm is treated with concentrated sulphuric acid it forms a sulphomi 
€Loid, and the solution on dilution dyes wool a yellow without a mordant 

A freshly-made decoction of quercitron bark is transparent and of a duL 
orange-red colour, but in a short time it becomes turbid and deposits a yellov 
crystalline mass. The supernatant hquid acquires at the same time a reddei 
colour, and the colouring matter is gradually destroyed This decompositior 
18 probably brought about by a ferment which splits up the glucoside A 
decoction of quercitron bark, consequently, should only be prepared as requirec 
for immediate use. 

Flavin is the name given to a preparation of quercitron bark. It is verj 
much stronger, and yields brighter shades than the origmal bark. It comet 
into the market in the form of a very fine powder of a buff or brown colour. 
Flavin varies considerably m composition, accordmg to the mode of prepara 
tion. It consists, as a rule, of a mixture of quercitrin and quercetin, with moie 
or less woody fibre j but some specimens consist of nearly pure quercitrin, while 
others contain quercetm only. The best qualities of flavin are imported fi’om 
America, where it is probably prepared from the fresh bark ; but the details of 
the manufacture are kept secret One method of preparation consists in 
boiling 100 ^arts of ground quercitron bark with 300 parts of water and 15 
parts of sulphuric acid for some hours After cooling, the mixture is run on to 
woollen filters, and the paste washed until free from acid It is then dried and 
ground The tinctorial power of good flavm is 12 to 20 times as great as that 
of quercitron bark 

In addition to the preparation flavin, quercitron bark is also used by the 
dyer in the form of extracts. 

Dyeing. — Quercitron bark gives on mordanted cloth very similar shades to 
fustic, and the methods of apphcation are essentially the same Speaking 
generally, chromium mordants give rather redder shades with quercitron bark ; 
aluminium mordants, paler yellows, and tm mordants, brighter and redder 
yellows. The extracts and flavin are much more extensively used in dyeing 
than the bark itself Bark-extracts are used to a considerable extent in cotton 
and m woollen prmting Flavin is used principally in wool dyeing either 
alone or m conjunction with cochineal for oranges and scarlets by the single 
bath process. Silk is dyed pEincipally with flavin on aluminium mordants 
with the addition of some tin salt in order to make the shade more brilliant. 
The bright yellows produced by flavin and quercitron bark are acted upon 
by light in a similar manner to those dyed with fustic — i.e , they become 
reddish-brown. 

As mentioned under fustic, Tai*trazm is far superior as regards fastness to 
light, although the natural colouring matters are much faster to milling and 
scouring A dyestuff fast to hght and to millmg is Milling yellow 0 (Coasella) 

Detection on the Fibre. — ^The colounng matter of quercitron bark on the 
fibre gii'es similar reactions to fustic. 

WELD. 

Weld is botanically known as JReseda luteola^ which is a variety of 
mignonette. It was formerly cultivated m England, and is still grown in 
France and other parts of the Contment, It is an herbaceous plant, and 
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grows to a height of about 3 feet. The upper part of the plant, especially 
the leaves and the seeds, contain the most colouring matter, but the stem is 
also used in dyeing Weld comes into the market in the form of sheaves or 
bundles. It was formerly used to a much greater extent than at present. It 
has been largely superseded by quercitron bark and flavin. Of late years the 
greatest amount ot weld has been used in dyeing cloth for Government 
contracts, but Tartrazin and similar yellows are taking its place The colouiv 
mg principle of weld is luteolmy which was first mvestigated by Chevreul. 

Like morin and quercetin, it is a flavon derivative, its constitution being 
represented by the formula — 


OH 




OH 


C— H 
OH 




Luteolvn forms pale yellow needles. It is very soluble in alcohol, by which 
solvent it may be readily extrsLcted from the plant. It is only shghtly soluble 
in water, either hot or cold, but dissolves readily in alkalies with a deep yeUow 
colour Luteolm has been prepared synthetically by St v. Kostaneoki 

Dyemg — ^Weld gives with chromium mordants, ohve-yellow shades, with 
alumina, greenish-yellow ; with tin, bnght yellow ; with iron, olive , and with 
copper mordants, yellow-olive shades. The properties of weld appear to have 
been overlooked by dyers It may be considered superior to all natural yellow 
colourmg matters in regard to fastness to light, and is certainly inferior to 
none as regards fastness to milling. Weld is not much used m cotton dyeing, 
although, with chromium mordants, it yields a yellowish-olive shade which is 
very fast to soap and light Tor silk it is certamly the best natural yellow, 
but has been practically superseded by the coal-tar yellows 

The methods of application for weld are practically the same os those for 
fustic and quei citron bark Since its colouring power is small, larger quan- 
tities of weld aie required It is principally dyed on aluminium mordants, 
which should be free from iron, smce even traces of this metal dull the colour. 
According to G H. Hurst, a very bright yellow is obtained with weld on 
silk mordanted with titanium (see p 202). The dye-bath is prepared by 
introducing the requisite amount of weld chopped into small fragments, and 
enclosed in canvas bags and boiling for about half an hour. The bath should 
only be prepared as required 

Detection on the Fibre — The reactions given by weld on the fibre are very 
similar to those of quercitron bark and fustic Dyed upon a tin mordant, the 
fibre IS little affected by either dilute acids or alkalies With stannous chloiide 
and hydrochloric acid the fibre becomes rather redder, whereas fustic and 
quercitron bark are not appreciably affected With strong sulphuric acid, the 
fibre IS turned yellowish-ohve, and, on addition of water, is almost decolourised. 


PERSIAN BERRIES. 

Persian bernes are the fruit of the buckthorn and of several species of 
Mhaninus, shrubs growing wild and also cultivated in Southern Europe and 
the East. The product of the Bhamnws amygdohnus yields the beat quality. 
The berries are usually gathered before they are quite ripe, which causes them 
to have a yeUowiah-green shrivelled appearance On being kept for a few 
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years, they become browner, and deteriorate in value, especially i£ allowed to 
remain in a damp place. Persian berries possess a disagreeable bitter taste 
The colounng principles of Persian berries exist in the form of glucosides. 
One of these, known as may be extracted from the berries 

by means of alcohol and purified by recrystal lisation It forms golden-yellow 
needles, soluble in water and alcohol, but insoluble in ether, and is decomposed 
on boHing with dilute sulphuric acid into ? hamneiMi and a species of sugar. 
Persian bemes also contam the glucosides of quercetin and rhamnazm. 
to which the constitution 




OH 




, C— OH 

N/Vio/ 

OH 


is ascribed, crystallises in microscopic yellow needles. It is only sparingly 
soluble m water. 

Persian berries, hke quercitron bark, are used prmcipally in the form of 
extracts. They are used to a considerable extent in calico-printing for yellow, 
orange, and green shades In wool dyeing they have a limited use m con- 
junction with tm mordants for produomg bright yellows and oranges, but, like 
the other natural yellow colounng matters, the shades turn brown on exposure 
to light. They are of more use for producing oranges and scarlets with 
cochineal than for pure yellows ; but are more expensive than fustic or 
quercitron bark, and possess no advantage Persian berries are also used m 
woollen punting Copper mordants give, with Persian berries, a yellowish- 
olive sh^e, which is very fast to light On exposure the shade becomes 
greener, and actually increases m intensity. Hummel has found that, after 
exposure for twelve months, such an olive does not fade 

Persian berries dye redder and deeper shades than either fustic or quercitron 
bark. 

Chromium mordants give brown 
Aluminium „ ,, bright yellow. 

Tin ,, ,, orange 

Iron ,, ,, dark olive 

Copper ,, ,, yellowish-olive. 

Detection on the Fibre. — The reactions of this colouring matter on the 
fibre are not sufficiently oharacteristio to distinguish it readily from quercitron 
bark. With stannous chloride and hydrochloric acid the fibre becomes 
yellower, whereas quercitron is not much affected, and weld becomes redder. 


YOUNG FUSTIC OR FUSTET. 

This dyestuff is the wood of Hhus cotinus^ a small tiee growing in tlie 
West Indies and also m the southern parts of Euiope It belongs to the same 
genus as the sumach tree and is quite distinct from old JuqVio The colouring 
principles of young fustic have been mvestigated by J, Schmidt * He finds 
young fustic to contain a substance which is easily broken up by dilute acids 
or alkalies mto a tannin and a glucoside, which, when warmed with dilute 
sulphuric acid is decomposed into a sugar and fisetin 

* Joum Soc, Dy&ta and Qol , 1886, p 148. 
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Fxaetvn^ having the constitution 



crystalhsea m small lemon-yellow pnsms having a composition very similar to 
queicitrm and closely resembling that compound m its reactions. 

Young fustic finds a limited apphcation in dyeing, and yields shades with 
the various mordants which are very siniilnr to those of quercitron bark. 
With bichromate of potash the shade is much redder, resembling that given 
by Pers^ berries. Young fustic is not so fast to mill ing or hght as any of 
the other natural yellow colouring matters described, and at the present day 
it has practically fallen mto disuse. 


TURMERIC- 

Turmeric, also known as Indian saffron, is the underground stem of 
Cv/rcuma tmctona, a plant growing abundantly in the East Indies and China. 
The tubers or roots are externally of a greenish-yellow colour, but internally 
the colour is deep yellow or orange. They possess a strong odour and an 
aromatic, bitter t^te. The roots are ground, yielding a bright orange powder, 
which should be kept dry ; otherwise, if exposed to a damp atmosphere, the 
colour is detenorated Turmeno only yields a small amount of its colouring 
matter to cold water j hot water extracts a larger quantity, whilst alcohol 
dissolves it freely. 

The colourmg principle was isolated by Yogel and Pelletier, who named it 
4yu/t(yumvri, It may be prepared by first extracting the ground root with carbon 
bisulphide m order to lemove the volatile oils and resinous matters. The 
residue is then treated with dilute caustic soda and the solution acidulated with 
hydrochloric acid, when the colouring matter is precipitated m yellow flakes 
After drying, it may be dissolved m ether and recrystallised. After treating 
with carbon bisulphide the colouring matter may also be obtained by extracting 
the residue with dry ether Pure ourcumin, forms light yellow 

prismatic crystals which melt at 178® C. It is only slightly soluble in water, 
but readily soluble m alcohol and ether. It dissolves in alkalies with a deep 
reddish-brown colour In this respect turmenc is very sensitive, and paper 
saturated with a solution of turmeric is frequently nsed as a teat for alkalies. 
The moat characteristic reaction of curcumm and turmeric is with boric acid. 
If a piece of filter paper stained with a solution of turmenc be moistened 
with bone acid and dned, it becomes brownish-red j and on now adding a 
■drop of caustic soda it is turned blue or green. 

Turmenc is a substantive dye for cotton, wool, and silk, and is used almost 
-entirely in dyeing compound shades The colour is fugitive to light and is 
easily affected by soap and weak alkalies Notwithstanding, large quantities 
are still used in dyeing cotton, wool, and silk Although mordants are 
unnecessary, yet they modify the shade Bichromate of potash gives a browner 
shade , alum, a bnghter , stannous chlonde, bnght orange, and ferrous sulphate, 
olive 

Cotton, wool, and silk ai’e usually dyed with turmenc, without any further 
addition, or with a little alum, acid, or acid salt. If the bath is in the le^st 
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degree alkaline, the fibre is not dyed It is important that the temperature 
does not rise much above 60" C., otherwise the shade is both duller and lighter. 
This is especially the case when no acid is used in the dye-bath. 

Detection on the Fibre. — Turmeric gives the following characteristic 
reactions on the fibre — 


Siilpbuno aoid, 

Hydrochloric acid, . 

Hitno acid, 

Caustic soda, 

Boiling 5 per cent solu- 
tion of sulpliunc acid. 
Boding i per cent solu- 
tion of sodiam carbonate, 
Boihng alcohol, 


Fibre and solution reddish-brown ; on dilution, 
fibre pale straw , solution colourless 
Fibre reddish-brown ; solution, pale pink j on 
dilution, fibre bright yellow. 

At first deep-red, then yellow 
Bnght reddish-orange fibre and solution. 

) Pale yellow solution , fibre paler , red-orange 
\ on addition of oaustio soda 
1 Orange solution 5 fibre light brown. 

Yellow solution, green fluorescence 


In a compound shade turmeric may be detected by boiling with alcohol, 
adding water, and evaporatmg nearly to dryness with a little wool, and testing 
the dyed wool as above. Or the alcoholic solution may be concentrated and 
poured on to a filter paper, and the bone acid test applied as described above. 


SAFFLOWER. 

This dyestuff consists of the dried flower or head of a kind of thistle, 
CartJiamm tinctombs, which is cultivated in Egypt and in some parts of India, 
and was formerly highly valued on account of fiie delicate shades of pink which 
it IS capable of produemg on bleached cotton. At the present time it is only 
used in small quantities, its place having been taken by such colours as Erika, 
the iUiodamines, and Eosmes Two distinct colouring matters have been 
isolated from safllower — viz., a yellow, soluble in water, amounting, according to- 
8alv6tat, to 26 to 30 per cent, of the weight of the dyestuff ; and a red or pink, 
known as carikamm^ which is the only valuable constituent, and 

which, according to the same authonty, is only present to the extent of 0*3 to 
0 6 per cent According to L. Q- Radoliffe,* who first obtained the colouring 
matter in a crystallised condition, it is present in the dyestuff in much smaller 
amount 

Dyeing of Cotton. — ^The sajfflower is first macerated with cold water in order 
to extract the worthless yellow colouring matter. It is then extracted with a 
weak solution of soda crystals, and m this liquor the cotton to be dyed is 
worked for some time in the cold It is then lifted from the bath, which is 
acidulated with tartanc acid, and, on being returned, the pink colour makes its 
appearance In a sense the process is similar to the dyeing of Alkali blue on 
wool or silk 

Safflower is still used to a bmited extent for dyeing red tape The colour 
is not fast, bemg easily discharged by either acids or alkalies, and also by light. 


ANNATTO. 

This dyestuff is prepared fiom the fermented fruit of a shrub (Bixa 
orellancb)^ and comes into the market either in the form of an orange-coloured 
paste or of small seeds which have an orange covering. Its colouring principle, 
hiayin^ C 2 sHg 40 r, is practically insoluble in water, but readily soluble m alkalies. 

Dyeing of Cotton. — ^The method is similar to that used for safflower The- 
cotton is first worked for about a quarter of an hour in a warm (60®) bath,. 

^Joum, Soc. Dyers avd Col,, 1807, p 168. 
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prepared by extracting the annatto with sodium carbonate After squeezing, 
it IS transfeiTed to a bath containing dilute sulphuric acid, when the colouring 
matter develops. 

Annatto also finds some application m the tinting of bleached silk, but is 
now rarely used in dyemg. 

THE RED WOODS. 

These dye woods may be divided into two classes — ^viz., the soft or soluble 
woods and the hard or msoluble woods, also known as the open and close 
woods respectively. The colouring matter of the fonner class is easily and 
fieely soluble in water, hence extracts of the woods may be readily prepared. 
The hard woods, on the contrary, yield their colouring matter but slowly and 
imperfectly to water. 

SOLUBLE RED WOODS. 

The soft or soluble class are aU obtained from various species of the genus 
CcBsalpima^ belonging to the natural order Legvm%no3(E The principal 
varieties are Brazil wood. Peach wood, Sapan wood, lama wood, and Pernam- 
buco wood. They are imported into this country in the form of crooked and 
knotty logs, of a dark red colour externally, but nearly colourless in the interior. 
They possess a slightly aromatic odour and a bitter sweet taste, 

Brazil wood is the product of a tree botanical] known as Gcesdlpmia 
hrasihensiSj which grows in the forests of Brazil. It is one of the best of the 
class, but IS now somewhat scarce 

Beach woodi known as Santa Martha wood, is the product of Ccesalpmia 
echinata, a native of Mexico. 

/Sapan wood, the product of Ccescdpima Sappem, is imported from Siam, 
Japan, and East Indies 

Lima wood, a variety of sapan or peach wood, is imported from Peru 

All these woods dye very similar shades with the vaiuous mordants, and it 
would appear that they” contain one and the same colouiing principle. This 
colouring principle, which is named hraMm, does not exist as such in the fresh 
wood j but is present m the form of a glucoside, a body which, in itself, 
possesses no dyemg properties. By the action of a peculiar ferment, assisted 
by a moist atmosphere, the glucoside splits up mto brasilem and glucose. 

BrasiLvn, was first isolated and studied by Ohevreul. It may be obtained 
from Brazil wood by the method employed for the preparation of hematoxyhn 
from logwood. It possesses the composition CieHuO . + 1^H20. The crystals 
when pure are nearly colourless, and are freely soluble m water, alcohol, 
and ether. On exposure to air brasilm quickly absorbs oxygen, becoming 
thereby converted mto brasilein. The change takes place more rapidly m the 
presence of a trace of ammonia. It may he expressed by the followmg 
equation : — 

^6^1405 + 0 as OioHj^Og + HjO. 

This reaction is analogous to the formation of hcematem by the oxidation of 
bsematoxyhn. Brasilm, by the action of nitnc acid, is paxtially converted into 
Picric acid. 

Brasilevn, is produced by the oxidation of brasilm, and is 

obtained as very mmute dark crystals, which have a grey metallic lustre ; 
when crushed they give rise to a brown-red powder. It is but slightly soluble 
in cold, but freely in hot, water j the solution has a pale yellowish-pink colour 
with a greenish fluorescence. 
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Application. — Brazil wood and allied woods are used by the dyer both m 
the form of chips or raspings and extracts of various degrees of strength At 
the present day, however, on account of their fugitive character, they are not 
used to any great extent They serve chiefly to modify the shades produced 
mainly by other colounng matters The woods were formerly used to a con- 
siderable extent in cahco-prmtmg for producing pinks and purples , but the 
same shades can be obtamed far faster by means of the Alizarin dyes Onm- 
sons may be obtamed by these woods similar in shade to those produced by 
cochineal, but they are not nearly so fast. 

These colounng matters are applied in the dyemg of the various textile 
flbres in the same manner as logwood. 


INSOLUBLE RED WOODS. 

The principal woods of this class are saunders-wood, camwood, and bar- 
wood. They yield much faster colours than the “ open” or soluble class, but 
the colouring matter is very sparingly soluble in water. On this account 
extracts are not prepared ; the wood itself in a rasped state being used in all 
oases of dyeing. Although the shades which these woods yield vary somewhat 
in tone, their properties are so similiir, that it is highly probable all contain 
one and the same colourmg pnnciple. 

San/nd&rs^wood (known ^so as sa/ndal wood, sa/ntoL wood, and red scmders) 
IS the product of Fteroca/rpus scmtalmua, a tree growing m India, Ceylon, and 
other tropical parts of Asia, and also in Madagascar. It is imported in logs, 
which are very hard, compact, and of high density The exterior is of a dark 
brown colour, whereas the interior is red. It yields to alcohol about 16 per 
cent of an extract which is insoluble in cold, and only very slightly soluble in 
hot water 

Ba/rwood is the product of Baphia nitida, a large tree which grows 
extensively m Sierra Leone It yields about 23 per cent, of extract to alcohol. 
Boiling water extracts about 7 per cent, of colouring matter, but it is almost 
entirely precipitated on coohng. 

Camwood, or kambe wood, is also imported from the west coast o£ Africa. 
It yields its colounng matter somewhat more freely than the other two woods. 
Its price is considerably higher than that of barwood and saunders-wood, 
but it IS considered supenor as regards fastness. It gives also brighter and 
fuller shades 

The colouring principle of saunders-wood, which, as already stated, appears 
to be identical wifli that of barwood, is named santalm, and is said to have the 
formula (or, according to Franchimont, and is practically 

insoluble m water 

Application. — Saunders-wood, barwood, and camwood are used prmcipall} 
in wool dyeing, m conjunction with other dyewoods, for producing various 
compound shades, especially hrcnms. The shades obtained are very fast to 
soaping and milhng, and, on that account, are largely used for dyeing heavy 
woollen cloths, which have to be severely milled In many cases of wool 
dyeing, however, these woods have been superseded by Alizarin red and 
Anthracene brown and the acid chrome colours, which are much faster to 
light than the red woods Camwood, saunders-wood, and barwood, especially 
the latter, are also sometimes emplojred to give a bottom to woollen cloth 
which is to be afterwards dyed with indigo Cudbear is often used for this' 
purpose, but barwood or saunders-wood is much to be preferred. 

The shades obtained with these woods vary according to the mordant 
employed from a dull red to a nch claret-brown. Camwood gives the bluest 
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tind brightest shades; aaundei a-wood the yellowest shades with the same 
moidanta. 

The more important mordants produce the following shades with these red 
woods — 


Mordant 


Camwood 


Sanndera-wood 


Chromium salts, 
Aluminium „ 
lion „ 

Copper ,, 

Tin 


Red-violet. 

Red. 

Violet. 

Brown. 

Bluish-red. 


Brown-red 

Orange-red. 

Maroon. 

Brown 

Red. 


The wool 18 boiled for one to two hours with 20 to 60 per cent of barwood 
or camwood ^ and afterwards boiled, without washing, in a fresh bath, with 2 
per cent, of potassium bichromate, for half an hour. The potassium bichromate 
may also be added to the dye-bath, but it is preferable to use a fresh bath. 
In the dyeing of camwood-browns or drabs a certain proportion of logwood 
and fustic, according to the shade required, is added to the dye-bath. Since the 
colour is developed in the “ bichrome ” bath, considerable experience is required 
to adjust the proper proportions and quantities of woods in order to match a 
given shade As the dyeing proceeds, the dyer takes out a small sample of the 
wool or cloth from time to time and develops it in a small bath of potassium 
bichromate kept for that purpose. If necessary, a further addition of wood or 
wood-extract is made to the bath, and the dyeing continued until a small 
•sample develops to the shade required. The bulk is then “saddened’' with 
bichromate of potash, and the goods afterwards washed and dried Instead 
cf bichromate of potash 5 per cent ferrous sulphate or copper sulphate may 
bo uged os the “saddenmg” agent 

The red woods in conjunction with other dye woods are sometimes applied 
to wool in the following manner ; — The goods are mordanted with 2 to 3 per 
cent of bichromate of potash, and dyed in a fresh bath with the re luisite 
amount of dyewoods, and then “saddened” with 3 to 5 per cent of ferrous 
sulphate 

These colours are very fast to milling, but are more fugitive to light than 
the anthracene dyes. A shade pioduced by camwood or saunders-wood, log- 
wood and fustic, appears to be considerably foster to light than that given by 
Any one of these dyewoods alone. 


MADDER. 

This dyestuff has been used for dyeing and printing from very early times, 
but since the introduction of artificial Alizarin the amount consumed has 
decreased almost to vanishing point It was formerly considered the moat 
important of all dyestuffs used by calico-punters, but it is now entirely 
displaced in printmg by artificial Alizarin 

Madder is the root of a plant known as Ruhm tinctorum, a native of Asia 
Minor, but it has long been cultivated in Italy, and later in France and 
Holland Madder was known as a dyestuff to the ancient Egyptians, and also 
to the Greeks and Romans, who fixed it upon cotton much in the same manner 
as IS employed at the present day The Ruhia tinctorum is a perennial plant 
uhich 18 commercially propagated by shoots. The herbage is cut off and the 
roots gathered in the third year , in Turkey and the East, however, it is usual 
to allow the roots to remain in the ground until the fifth or even tf e seven tli 
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year. In this manner the colouring matter is slowly developed by the 
oxidising influences of the air. 

The colouring matter resides almost entirely in the cortical part of the root, 
little or none being found either in the epidermis or m the central woody part 
Dutch and Alsatian madder, after being ground, is usually stored in large casks- 
for two or three years, when the colouring matter is further developed and the 
tmctonal power increased , but if kept much longer than three years, a further 
change occurs, resultmg in a loss of colouring matter. The best madder is 
obtained from plants grown on calcareous soil 

The principal colouring matters yielded by madder are Alizarin, Purpunn, 
and Pseudo-purpurm, of which Alizaiin is by far the most important The 
colourmg matter or colouring matters are not contained as such in the fresh 
madder root, but exist m the form of glucosides, which by the action of a 
pecubar ferment (also present m the root, and called by Sohunck eryihro^sym) 
split up into colouring matters and sugar. 

or Buheryth/ric aoidy the glucoside existing in the fresh madder root, 
is sparingly soluble in cold water, more easily in hot water, alcohol, and in 
ether. It dissolves in alkalies with a blood-red colour. When heated it 
decomposes at 1 30'’ C , giving a subhmate of Ahzarm. When boiled with dilute 
acids or by the action of erythrozym (the ferment of madder) it is decomposed 
into glucose and Alizarin. The change may be represented by the following 
equation ; — 

2 H 2 O = 0140004 + 2Cg5i0O0 


Small quantities of other colourmg matters are also formed at the same 
time 

Aliaa/nn. is the principal and most valuable colounng matter 

of madder. It was discovered m 1824 by Robiquet and Collin by treating 
madder with strong sulphuric acid and gently heating the black mass thus 
formed. 

Ahzann is now manufactured in enormous quantities from anthracene, 
a body obtained from coal-tar (See Part YII.) 

Pv/rpurin, Oj^HgOg, another colourmg matter of madder, exists, like 
Alizarin, m the fresh root in the form of a glucoside Purpunn resembles 
Alizarin, but is yellower. It is slightly more soluble in water, communicating 
to it a pink colour. It dissolves in alkalies with a purple-red colour, which 
gradually disappears on exposure to the air. The colour of Alizarin is per- 
manent in the air. Purpurm is readily detected in minute quantities, and may 
be distinguished from Ahzarm by means of the spectroscope, or by its solubility 
in a boiling solution of aluminium sulphate. 

Numerous preparations of madder were formerly made; but, smce the 
introduction of artiftoial Alizarin, they have practically fallen into disuse The 
preparations were distmguished as gan'cmcvriy garcmcmiXy fleura de garcmcey 
** corri7nerQ%al aliza/r^^^ madder axWocUy (to 

Dyeing. — ^With the various mordants madder gives the following senes of 
shades: — 


Chromium mordants, 
Alnmimum ,, 
Iron „ 

Copper „ 

Tin „ 


Dull bluish-red to onmaon 
Fmk to scarlet 
Maroon to reddish-brown. 
Yellowish-brown 
Reddish-orange 


The old method of madder dyemg on cotton is practically the same as the 
application of Alizarin (artificial) in 'Dirkey-red dyeing. (See Part YII ^ 
Madder is used m wool dyeing — e g , for dyemg cloth for the French 
military uniforms, and m the Ikist for carpet yam — ^but otherwise not to any 
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great extent. It is also used in conjunction with other colouring matters to 
produce drabs, browns, (fee It is also used by the indigo dyer m the woad vat, 
but, in this case, madder fulfils the purpose of a ferment rather thuT) a dye. 
In the dyeing of cotton, madder was formerly a most valuable dyestuff 
'but, as already stated, it has been practically, entirely, supplanted in Europe 
and America by ai*tificial Alizarin 

In the dyeing of drabs on wool^ it is usual to dye and mordant in the same 
bath, using alum and tartar, and modifying the shade with fustic, logwood, &c 
as requiied. In other cases, madder is apphed to wool in a single bath, witt 
the mere addition of a little sulphuric acid. Easter and fuller shades axe 
however, obtained by the two-bath system, mordanting first and dyeing after 
wards The methods of application are similar to those employed for logwood 
&c In mordanting with bichromate of potash deeper shades are subsequently 
obtained by adding a third of its weight of sulphuric acid to the bath By 
using 60 per cent, of madder a rich biownish-red shade is produced. In dyeing 
with madder upon wool mordanted with alum, it is often necessary to ode 
acetate of lime in order to obtain the beat results A little sumodi added U 
the bath is beneficial, and brighter shades ore obtained at 80“ 0. than at thi 
boiling temperature. At a lower temperature the yellow colourmg matters 0 
madder are not so readily fixed But in any case the red produced by madde 
and alum mordant is never as bright as that given by Alizarin. 

In the dyeing of madder is scarcely ever used 

ORCHIL AND CUDBEAR. 

Orchil and cudbear are manufactured from certain genera of lichens^ smal 
perennial plants belonging to the class cryptogomia These lichens are foun 
growing in the Canary Isles, Cape de Yerde Isles, Sardima, East Indief 
Norway, Madagascar, Zanzibar, and various parts of Central and Sout 
America, Eormerly the whole of the orchil used in Europe was obtained froi 
Florence The lichens are commercially known as “weeds,” and sold unde 
the names of orchella weed, orchil weed, &c The two principal species growin 
on the coasts are the Roccella tvneUyna^ known as “ Valparaiso weed ” j and th 
Roccella fuc%form%a^ sold as “ Luna weed,” <fec. Of the species growing inlam 
the Yarwlaria OTc%na of Auvergne and the Leoomora tartarea of Sweden ai 
the most important 

Lichens do not contain any colouring matter already formed, but certai 
colourless compounds, which, by the action of ammonia and the oxygen of tl 
air, are converted into colouring matters The principal colour-producii] 
compounds existing in the lichens named are erythrm, lecanonc, and evern 
acid 

Orchil, or archil, occurs in commerce in two forms — paste and hquor 
was formerly made by treating the lichens with putrid unne, and, at 
subsequent stage, with slaked lime The process usually adopted in Englar 
is as follows : — The weed, preferably the Roccella JincioWa, is picked, and toi 
or cut mto small fragments, and put into iron drums provided with stirre 
and mixed with a dilute solution of ammonia The temperature of the ma 
is kept at from 36“ to 46“ C. for a period ranging from five to six days 
fermentation soon commences, which must be carefully watched and should n> 
be allowed to go on for too long a time , otherwise the colouring matter 
destroyed, with the formation of a dirty brown substance. Samples are tak( 
out from time to time and dye-tests made, in order to observe the stage of tl 
operation When the colouring matter ceases to mcrease the fermentation 
stopped. The product is archil paste In making orchil liquor, the weed 
treated with water containing ammonia, and the fibrous matter, which 
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practically wortlileas, removed The liquid, winch contains the colour-giving 
principles, is then submitted to fermentation, as above described 

Cudbear^ which comes into the maiket in the form of a dark bf“Ownish-red 
or purple powder, is prepared, in the first instance, in the same way aa oichil 
paste The weed usually selected for cudbear is the Leccmora ta/rta^rea. When 
the fermentation is complete the mass is dried and ground 

Orcem is the principal colouring matter of archil and cudbear. It is 
produced by the action of ammoma and oxygen on orcinol or oroin, 
<DgH3(OH0)(OH)2, Acoordmg to Liebermann, two compounds may be produced, 
depending upon the amount of ammoma used. The composition of the two 
bodies is given as and respectively. 

Dyeing. — Smce the mtroduotion of many of the azo-dyes and the apphcation 
of Alizaorin colours to wool^ the amount of orchil and cudbear used in dyeing 
has been gradually, though slowly, declinmg Nevertheless large quantities of 
these colouring matters are still used, and, although fugitive, on eiccount of 
•certain characteristics, they sCem difficult to replace. Great quantities are 
used for bottoming” indigo. Oudbear and orchil are used in conjunction 
with other dyestuffs for producing compound shades, such as browns, maroons, 
and clarets, on wool and silk, A considerable amount is used in the dyeing of 
<5arpet yam. The colouring matter is substantive, requiring no mordant, and 
possesses the useful property of dyeing m a neutral, acid or slightly alkaline 
bath. It does not rush on to the fibre, but dyes slowly, regularly, and evenly 
In deep shades the colour has an intensity and body winch cannot be weU 
•equalled by any of the numerous coal-tar substitutes. Oudbear and orchil dye 
best m a neutral bath, producmg a bluish-rcd or dull magenta shade , but they 
are frequently applied with sulphuric acid m conjunction with extract of indigo 
and other “ acid ” colours. An acid bath turns the shade redder and brighter. 

About 3 per cent, of sulphuric acid is a convement amount to use. 
Frequently alum and tartar are used in place of sulphuric acid The colour is 
mot fast to light nor milling ; but resists soapmg fairly well, becoming bluer. 

SUk is dyed m a bath containing soap solution with, or without, the 
addition of acekc acid 

Oudbear and orchil are not apphcable to cotton 

Detection on the Fibre. — The ash will probably contain either no mordant 
•or a little alumina. Ohromium may he present, especially if logwood, fustic, 
■or similar colouring matter has been used in dyemg the shade. The followmg 
xeactiona are given by the pure colouring matter — 

Hydrochlono acid, . Solution and fibre red. 

Sulphuric acid, , Fibre and solution purple , on dilution, solution 
red and fibre almost colourless 

Caustic soda, . • Fibre and solution bluish-purple, colour slowly 

removed 

Ammoma, . . As with oaustio soda. 

Nitno aoid, Yellow. 

Stannous cblonde, hydro- 
chlono acid, and water, Decolounaed 

Boiling alcohol, Bluisb-red solution. 

Boiling carbonate of soda 
(i per cent ), Violet solution 

Boilio g 5 per cent solution 

of sulphurio acid, . Orange solution, turned violet by soda 
In a compound shade, in the presence of indigo, logwood, fustic, alizarin, 

, it is best detected by boiling with alcohol, adding water to the alcoholic 
extract, and evaporating to a small bulk with a few threads of worsted yarn. 
The yarn is then dried and carefully tested as above Orchil amd cudbear are 
thus readily distinguished from Magenta by the action of hydrochloric acid and 
•caustic soda respectively, Magenta bemg decolourised by both reagents. 
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COCHINEAL, KERMES, AND LAC-DYE. 

These colouring matters are all derived from the animal kingdom. 

Cochmeal is the female of the Coccus an insect which lives anc 

propagates on certain kinds of cactus, especially the I^opal or Cactus opuntia 
The plant and insect are natives of Mexico and Guatemala, but have beei 
successfully introduced into the Canary Islands,- as well as Algeria, Java, anc 
Australia. The production, however, is almost confined to Guatemala and th< 
Canaries. The male insect is much smaller than the female, and is furmshec 
with wings It does not yield a dye. The female has no wings, and remain, 
attached to one spot on the plant. At the age of about three months thi 
female insects are swept from the leaves into small straw baskets, and ar< 
either killed by bemg thrown into hot water, and afterwards dried in the sui 
or in stoves; or they are placed in a bag and stoved at once. The latter methoi 
yields the silver cochmeal, so called on account of the peculiar white lustrou 
appearance which the product possesses. When the msect is first thrown int 
water it forms the black cochineal The weight of the dried insect is about 
gram, so that 70,000 are required to produce 1 lb. of cochineal. An acre of th 
cactus yields 260 to 300 lbs. If treated with warm water "^for some hours th 
dried msect swells and takes a hemispherical shape, when its structure can b 
seen 

The colourmg prmciple of cochmeal is ca/nnvnio add, 022 ^ 22^18 (^‘ 

The aqueous solution of camainic acid is not changed by exposure to the al 
It dissolves m caustic alkalies with a beautiful purple colour 

Since the introduction of the ozo-scarlets, the amount of cochmeal used 1 
dyeing has decreased considerably; nevertheless, it is still used in dyein 
woollen cloth, and, to a less extent, worsted yam and slubbing. The scarh 
cloth for the English army is all dyed with cochmeal Eormerly a considerab 
amount of cochmeal wae used in silk dyeing, but at the present day it has bee 
almost entirely superseded by coal-tar colours. In cotton dyeing cochine 
finds little or no application; small quantities aie used m the pnntu 
of pinks. 

In the dyeing of wool, two distinct red shades are obtained by oochineal- 
viz., a crimson and a scarlet The latter is of the greater importance, and 
obtained by tm mordants The dyemg and mordanting is done m one bat 
A cochineal scarlet is faster to hght than most of the artificial reds . C 
being scoured or milled it does not lose much colour, but becomes duller ai 
bluer An azo-scarlet, on the other hand, becomes yellower. A cochine 
scarlet does not bleed and stain the neighbouring fibres like the ozo-acarlet. 

Cochineal gives the following series of shades with the various mordants : 


Ghrommm mordants, ... Purple 

Aluminium „ ... Crimson. 

Iron „ Purple 

Copper „ Claret. 

Tm „ ... .... Scarlet. 


Tin and alum salts are the only useful mordants. 

Dyeing of Wool — In dyemg scarlets and oranges with cochineal, 1 
moidanting and dyeing may take place m separate baths or in one ba 
The latter is the usual method adopted in practice When separate baths 1 
used, 4 to 6 per cent of stannous cJiloride and a similar quantity of tartar j 
taken, and the wool entered at about 60“ 0. The bath is gradually raised 
the boil, and kept at or near the boiling point for from three-quarters to < 
hour. The material is either washed or taken direct to the second b 
(contauimg 10 to 20 per cent, of ground cochineal) and dyed one to one an* 
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half hours The shade obtained is a bluish-scarlet. In the one-bath system 
there are numerous modifications of cochineal-scarlet dyeing. Some dyers use 
stannous chloride (tin crystals); others tin spirits of various kinds, such as 
scarlet spirits or nitrate of tm, muriate of tin, sulpho-munate, &o The simple 
chloride of tin, which oonsista merely of stannous chloride and hydrochloric 
acid, IS, as a rule, to be preferred to the tin crystals, smce the free hydrochloric 
acid, when-* not present in too great an excess, acts beneficially. The lake 
formed by the tin salt and the colourmg matter of cochineal is kept longer in 
solution and the colour penetrates to the centre of the cloth, whereas, in the 
case of hard woollen goods, in the absence of free hydrochloric acid, the colour 
would be more or less deposited on the surface. Again, m the case of 
calcareous or alkaline waters, the hydrochloric acid prevents a precipitation 
and consequent loss of mordant. For 100 lbs. of wool, the dye-bath may be 
prepared by addmg 6 to 6 lbs. of oxaHo acid, 4 to 6 lbs. of stannous chloride 
(or its equivalent of tm spints), and 10 to 20 lbs. of cochineal. Instead of 
oxalic acid, tartar or argol, or a mixture of oxalic acid and tartar, may be used. 
The oxalic acid or tartar should be added to the bath before the stannous 
chloride, otherwise a precipitation of stannous oxychloride occurs, which not 
only causes a loss of mordant, but may produce stains If, however, a solution 
of stannous chloride containmg sufficient hydrochlono acid be used, this 
precipitation does not take place After boiling the mixture of dye and 
mordant for about ten mmutes, cold water is added to the bath, and the goods 
entered at a tempertiture of about 70" 0. The bath is gradually raised to the 
boiling point during the course of three-quarters of an hour, and boiled for 
three-quarters of an hour longer. A deficiency of tin gives a dull bluish shade, 
while an excess pioduces a paler scarlet. Tartar increases this intensity, and 
an excess gives a yellower shade of scarlet As a rule, a small proportion 
of yellow colourmg matter is used in scarlet dyeing, the substances used being 
weld, flavin, fustic, or Persian berries. For orange shades, of course, larger 
proportions of yellow and only a small percentage of cochmeal are taken The 
one-bath system produces yellower and more brilliant shades than when 
separate baths are used for mordantmg and dyemg. More cochineal is required 
to give a certam shade by the single bath than by the two-bath method, smce 
m the former case much of the colouring matter remains in the bath (after 
dyeing) in combmation with the mordant For successive lots of material to 
be dyed, however, smaller quantities of cochmeal suffice. 

In dyemg with cochmeal the vats employed should be either of wood, 
stone, or metallic tm In the presence of iron or copper tho shades obtained 
are liable to be dull, smce if traces of these metals dissolve they form with 
cochmeal dark violet or purple lakes. If much hydrochloric acid is used the 
scarlet is not greatly affected by small quantities of iron or copper 

Cochmeal crimson is obtamed by means of aluminium mordants, and, like 
the scarlet, may be dyed m either one bath or two. If separate baths are 
used, the wool is mordanted with 6 per cent, of alum and 6 per cent of tartar, 
and dyed m a fresh bath with 15 to 20 per cent of cochineal The same 
proportions may also be used for the single bath method, or oxalic acid may je 
t iken instead of tartar, A bluer shade of crimson is obtained by addmg a 
little alkali to the bath — ammonia or sodium carbonate The shade may also 
be modified by adding orchil, cudbear, or ammomacal cochineal 

Ammoniac aJ cochmeal is obtamed by allowing a mixture of ground cochmeal 
and ammoma to remain in contact for some days The proportions used are 
one port of cochinefid and three parts of ammonia. A chemical change occurs, 
resulting in the formation of carminamide. 

When the change is complete the mixture is heated, in order to drive off 
the excess of ammonia. In some cases about 40 per cent, of hydrated alumina 
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is added, and the whole of the ammonia driven off by heat. The mass is afte 
wards moulded into cakes, Ammoniaoal cochineal is used for dyeing wo< 
purple and crimson, and m conjunction with ordinary cochineal for rose red 
The crimsons are not so readily affected by acids as those given by ordinal 
•cochineal. Ammoniacal cochineal gives a beautiful purple precipitate wit 
cxychloiide of tin, whereas cochmeal itself gives, as previously stated, a scorlt 
precipitate The mordant which works best with ammoniacal cochineal is tl 
nitrate of tin 

Rose pink is obtained on wool by dyeing in a vat containing the followin 
ingredients (for 100 lbs ) — 2 lbs. of ammoniacal cochmeal paste, 2 lbs. ( 
ground cochineal, 1 lb. of tin dissolved m 8 lbs. of nitnc acid, and 4 lbs < 
tartar. Ammoniacal cochineal also finds some application in Ike blneing t 
bleached cotton. 

Detection on the Fibre. — ^The mordant on wool dyed with cochineal will 1 
found to be either tm or alum The following reactions are given by tb 
colouring matter on wool, mordanted with alum and tin salts respectively : — 


Beagent 


Tin M^ordant 


Alum Mordant 


Hydrochloric aoid, .... 
Sulphuno acid, ... 

Nitric ooid, 

Stannoua ohlonde, hydroohlono acid 
and water, 

Caustic soda, .... 

Ammonia, . 

Boiling alcohol, . 


Orango-red. 
Dark violet 
Yellow 
( 

Orange. 

Red-violet. 

Nil 


Scarlet. 

Yellow. 


Orange-red. 

Red-violet. 




1} 


Cochmeal, on the fibre, is distinguished from azo-scarlets by the acti 
of caustic soda; the azo-scarlets being either partially stripped or turn 
orange, cochineal becoming pu pie Boiling weak acids turn cochineal-scar 
yellower, and the solution is reddish-orange, which, on addition of caustic soc 
becomes purple An ozo-scarlet is less affected by acids, the solution is a p. 
bluiflh-pmk, which is either decolourised or becomes yellow-orange on additi 
of caustic soda Boiled with a weak solution of soap, cochineal becon 
bluiah-cnmson^ azo-scarlets yellower and much lighter. From Alizarin, coc 
neal is distinguished by the action of weak and strong hydrochloric ac 
cochmeal being httle affected, whereas Alizarin becomes yellow. The a 
solution in both cases becomes purple or violet on addition of an alkali 

Kennes consists of the dried insect known as the Coccus Tllwisy which li 
on a species of oak, the Quercua coccifera. The msects are collected in 
month of June, and killed by being exposed to the vapours of acetic a 
evolved by heating vinegar They are afterwards dried, and are then re£ 
for use. Kermes is but httle, if at all, used m England , but in South Frar 
Spam, Morocco, and Turkey it is still used for dyeing leather and woollc 
Kermes was known to the ancients, and has been used in the East as a < 
from tune immemorial. The colouring principle of kermes is identical w 
or very closely related to, the carminic acid of cochineal. Kermes, as well 
cochineal, was formerly supposed to consist of little bernes or grains, and 
colours dyed with them were said to be rained or ingrained. The t( 
*‘gram colours” is still used at the present day, signifying shades dyed v 
cochineal 

Lac-dye is the product of a small insect, the Gocms lacca. It is a seconc 
product m the manufacture of shellac. The insect lives on the twigs of t 
of the genus FicuSy especially the Ficus religiosa or banyan tree, which grow 



A MANUAL OF DYEING 


368 

Bengal, British Burmah, Assam, and other eastern countries. The insects 
reproduce and multiply with such rapidity that xn a short time they entirely 
cover the surface of lie twigs to a thickness of a quarter of an inch, and adhere 
very firmly to the wood The natives break off these twigs just before the 
time of hatching, and expose them to the sun to kill the insect. The product is 
stiok-lac It contains about 10 per cent, of colouring matter and 70 per cent, of 
resin. The stick-lao is ground and triturated for some hours with water, or, 
according to some authorities, with a weak alkali The colouring matter 
dissolves and is precipitated by adding a solution of alum The deposit 
is collected and placed on a canvas filter or stramer, and afterwards pressed 
so as to form cakes about inches square and from J inch to f inch thick. 
The exact mode of preparation, however, is kept secret 

After treatmg stick-lao with water, the residue, when dried, constitutes 
seed-lac. When seed-lac is melted and filtered through cotton it forms 
shellac. 

Lac-dye has been manufactured and used in India for centuries. It was first 
imported into England m 1796, and at one time was used to a very much greater 
extent than at present. It produces a colour similar to cochineal, but fuller, 
although not so brilliant. It is faster than cochineal. This was formerly 
considered to be due to the presence of resinous matters in lac, but it is more 
probably a property of the colouring matter itself ; since recent investigations 
have shown that, although similar to carminic acid, the colouring matter of lac 
is a distinct body, and hm been named by Schmidt lacoavmo acid, who ascribes 
to it the formula OigH^gOg. 

Laccamio amd forms a brownish-red crystalline powder which melts at 180". 
It IS soluble in alcohol, wood spirit, and glacial acetic acid. 

Lao 18 used for dyemg wool scarlet, orange, and crimson shades. The 
colouring matter is only spanngly soluble in water, on account of the presence 
of so much resinous and mineral matter in commercial lac. Before use, the lac 
is ground up with the requisite amount of tin spirit, and usually a little hydro- 
chloric acid, and allowed to stand about a day It is then added to the bath, 
and the goods are dyed m exactly the same manner as with cochineal, addmg 
either oxaho acid, tartar, or both In practice, it is often found advantageous 
to combine the brightness of cochineal with the sohdity and permanency of lao 
dye Consequently, lac and cochineal are frequently used together ; or, after 
dyeing the wool with lac, it is taken to a fresh bath containing cochineal A 
good fast scarlet is produced upon cloth (100 lbs ), by dyeing in a vat contain- 
ing the followmg ingredients • — 8 lbs. of lao (previously ground up with part 
of the tin spirits), 5 lbs. of cochineal, 6 lbs of tartar, 20 lbs. of tin spirit 
(44" Tw.), and flavin ^ oz. 

CATECHU OR CUTCH AND GAMBIER. 

These dyestuffs ore obtained from various species of Acacmj Areca, and 
Uncaa-ia growing in India. They closely resemble each other in their pro- 
perties, and, for some time, there was much doubt regarding their origm. 
Catechu or cutch, also known as terra japonica, is obtained from the softer part 
of the wood, and from the pods of the Acacia catechu , and also from the betel 
or areca nut, which is the fruit of the palm tree, known as Areca catechu The 
wood or nuts are boiled m water, and the solution obtained evaporated to a 
syrup, when it is spread on the ground, and on coohng sohdifies. 

Catechu has been used in the East from time immemorial for the purposes 
of dyeing and tanning, and also in medicine 

The two principal varieties of cutch or catechu are known respectively as 
Bombay and Bengal catechu. 
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Bombay catechu^ the product of Areca cateohu, is cunaidered to be the be* 
It is imported m dense irregular lumps of a dark brown colour, weighu 
about a hundredweight It dissolves in boiling water with a deep brov 
colour, and the solution gives copious precipitates with gelatin and sulphui 
acid. 

Bengol catechu is the product of the Acacia catechu It is of a pale brov 
colour, and contains leas tannin, but more oatechin, than the Bombay variety 

Gambler is obtained by extracting the leaves of the JJneema gamhi&r, 
shrub growing abundantly in India and the Malacca Islands. Gambier occu 
in commerce in blocks and m small cubical pieces. It is opaque and of 
brownish-yellow colour It is only slightly soluble in cold water, but almo 
completely soluble in boiling water. Its colouring matter is in a less oxidisi 
state than that of cutch. 

Catechu or cutch and gambier contain varying amounts of a tannin, knov 
as catechutannic acid or mimo tannic acid, and a white crystalline body oall< 
catechm or catechuio acid There is also present a brown amorphous bod 
produced by the oxidation of the catechm and catechutannic acid during t- 
process of extraction and evaporation 

GateoJmtamhio add may be prepared by boiling powdered catechu with 
small quantity of water, and allowing the mixture to stand some days, in ord 
that the catechm may separate The solution is filtered and evaporated 
dryness. The residue is dissolved in alcohol and the solution treated wi 
ether, and, after again filtering, evaporated to dryness It may be furth 
purified by treatment with water and ether Catechutannic acid is readi 
soluble m water and alcohol, but insoluble m ether Its aqueous soluti 
gives precipitates with gelatin and with tartar emetic ; with ferric acetate 
gives a green precipitate On exposure to air the aqueous solution is gradual 
oxidised, becommg red. The change takes place very rapidly m the presen 
of alkalies 

Catechm^ + 4H2O, may be obtained from the residue aft 

treating catechu with cold water. It is dissolved m a small quantity 
boiling water, and precipitated by lead acetate and acetic acid. The preci 
tate 13 washed, suspended in water, and decomposed by sulphuretted hydrogc 
The filtrate is then carefully evaporated to a small bulk and allowed 
crystallise Oatechin may also be extracted from finely-powdered catechu 
means of dry ether, in which liquid catechutannic acid is insoluble. Gated 
is a white, silky, crystalline body, sparingly soluble in cold water, but fret 
soluble in boiling water and in alcohol and ether The aqueous solution gii 
a green colouration with feme chloride, but produces no precipitate w] 
gelatin An alkaline solution of catechm rapidly absorbs oxygen from the 
with the formation of a brown substance known as japomc acid It is said 
be this compound which constitutes the brown colour of goods dyed w 
catechu. Oatechu and gambier possess- an astringent taste ^vlth a sweet aft 
flavour 

A colouring matter, known in the trade as prepared cutch or patent cutch 
made from gambier. There are various modes of preparation, some of wh 
tire kept rigidly secret According to one process, the gambier is melted w 
the addition of about 1 per cent of bichromate of potash and then poured ii 
wooden frames to solidify. The catechm is theieby oxidised into bro 
resinous bodies, probably japonic acid and similar compounds. The prod 
dyes much redder shades than the original gambier In place of bichrom 
of potash, copper sulphate and alum are sometimes used in the preparati 
These substances may be detected in the ash after igniting the sample. 

Application — Oatechu and gambier are used largely in cotton dyeing, a 
m calico printing and m silk dyeing In the dyeing or wool, these substan 
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find only a limited application, although, they might in many cases be used with 
advantage Both the cateohutannio acid and the catechin are utilised in 
dyeing. The former gives olives and brown olives with mordants, and the 
latter browns of various shades 

Dyeing of Cotton — ^There are various modifications of applying catechu and 
gambier to the textile fibres, and, broadly speakmg, the same methods may be 
used for both wool and cotton. The usual method consists in boiling the 
cotton with a solution of catechu or gambier with an addition of copper 
sulphate or copper acetate, in the proportion of one part of copper salt to ten 
parte of colourmg matter After allowing to stand some hours, the cotton is 
worked for about half an hour in a fresh bath (hot) containing 2 per cent, 
of bichromate of potash, washed and dried. 

According to the manner in which the dye has been prepared, samples of 
catechu and gambier behave very differently m the dye-bath. The shade 
produced by some varieties undergoes but httle change when passed into the 
“bichrome” bath, whilst that of others is developed and intensified greatly. 
Gambier as a rule develops much more than catechu If the copper salt is 
omitted, as it is by some dyers* a greater development takes place in the 
“bichrome” bath. Copper salts render the shades much faster to light 
aa;id should always be used in dyeing with catechu. The shades are also 
considerably deeper. In some cases the copper salt is applied in a sepai*ate 
bath; but the inore general plan consists in mixing it with the catechu or 
cutch, as above ,i^ted. The treatment with biohromate of potash is supposed 
to oxidise the catediin to japonic acid, which, being insoluble, is thus firmly 
fixed on the fibre. At the same time a certain amoxuit of chromium is fixed 
on the fibre, so that the latter can he subsequently dyed (or topped) with 
mordant colours. 

Catechu and gambier are largely used m dyemg compound shades in 
conjunction with logwood, fustic, red woods, &c 

The basic coal-tar colours, such as Bismarck brown, Magenta, Auramine, &c , 
are frequently employed for topping, the catechutannic acid actmg as the 
mordant for the colouring matter 

Dyemg of Wool — As dready stated, wool may be dyed in the same manner 
as cotton. Or the wool may be simply boiled m a solution of catechu, and 
worked in a fresh hath with about 2 per cent, of copper sulphate, ferrous 
sulphate, or potassium biohromate, the method being essentially the same as 
that usually employed for camwood browns From 2 to 6 per cent give hght 
brown or drab shades, 10 to 20 per cent good rich browns, which may be 
modified by the addition of logwood, fustic, (kc In some cases the wool is 
mordanted with ^ to 1 per cent, before dyeing as well as “ saddened ” or fixed 
afterwards in the same manner as fast logwood blacks. Wool dyed with 
catechu is very fast to milhng and scouring and fairly fast to light If used in 
large proportions, catechu, however, like other astringents (sumach, rayra-* 
bolons^ &o.), IS apt to give the wool a harsh feel For wool dyeing, if this 
harshness is found to be a serious obstacle, the cutch should be ground up 
with cold water, and, after running off the hquor, the residue, consisting 
mainly of catechm, alone used. 

Dyemg of Silk. — Gambier is largely used in black silk dyeing, puncipally 
for the purpose of weighting The silk is first steeped in basic feme sulphate, 
£Lnd then in yellow prussiate of potash and hydrochloric acid, which thus 
produces Prussian blue on the fibre It is then worked in a bath containing 
about 200 per cent, (for heavy weighting) of gambier, after half an hour 10 
per cent, of stannous chloride is added, and the silk is again entered and 
worked one to two hours In some cases the addition of stannous chloride is 
omitted. (See Black Dyeim^ of SUk under Logwood^ pp. 341 to 347.) 
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Detootion on the Fibre. — Catechu is not often met with on wool, but eithei 
upon wool or cotton the ash will usually be found to contain oxide of chromiun] 
and frequently copper oxide The colouring matter is httle affected b^ 
reagents. The following are its chief characteristics on the fibre * — 


Sulnhnrio acid, 

Hydrocblono aoid, . 

Nitno aoid, .... 
Ganstio soda ( 10 per cent. ). . 

Boiling 6 per cent, eolution / 
of Bulplmrio acid, 1 

BoUing \ per cent solution 01 
Bodmm carbonate, • 


Little change; brownish solution. 

Rather yellower; finnt yellow solntion. 
Orange. 

Redder. 

Fibre yellower, solution bgbtyellow-browin 
red-brown on addition of soda. 
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